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[57] ABSTRACT 

Proslhetic foot apparatus includes a tubular element appro- 
priately bent and flattened to provide desired flexibility. The 
extent of flexibility, and accordingly the extent of the 
bending and flattening of the tubular element provides 
desired stiffness or flexibility according to the de.sired 
characteristic, complementary of the user of the apparatus. 
Difi'erent embodiments are shown, including an embodiment 
which includes a separate foot plate secured to and extend- 
ing into the fool portion of the tubular element. 

5 Claims, 1 Drawing Sheet 
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FLEXIBLE PROSTHETIC FOOT APPARATUS 

BACKGROUND OF THE INVE^^^ON 
L Field of the Invention 

This invention relates to prosthetic appliances and, more 
particularly, to a flexible prosthetic foot. 
2. Description of the Prior Art 

U.S. Pat. No. 4^47,913 (Phillips) relates to a composite 
prosthetic fool and leg which includes three portions, a leg 
portion, a foot portion, and a heel portion. The three portions 
are joined together rigidly. The three elements provide a 
degree of flexibility in response to ankle movements and 
foot movements, but provide sidewise rigidity. Various 
embodiments are disclosed. 

U.S. Pat. No. 4,822,363 (Phillips) provides a different 
embodiment by the same inventor as the *913 patent, dis- 
cussed above. The apparatus is made of laminated material 
to provide a prosthetic leg connected to a prosthetic foot. 
The leg portion is cxirvcd to define the foot, with a separate 
head portion connected to the foot portion. Various stiffness 
may be provided in the foot portion. Again different embodi- 
ments are disclosed. 

U.S. Pat. No. 5,062,859 (Naeder) discloses a prosthetic 
fool which includes a resilient foot insert. The foot insert is 
of a general *'Z" configuration. Different embodiments are 
illustrated. 

U.S. Pat. No. 5,156,631 (Merlette) discloses a prosthetic 
foot and leg in which a leg clement curves to define a foot 
element, and a separate segment is bonded to the forward 
extending foot portion extension of the leg clement. The 
separate foot portion comprises or defines a sole clement. 

U.S. Pat. No. 5,258,039 (Goh el al) discloses a prosthetic 
foot apparatus made of resin impregnated woven fabric 
material. The apparatus is made of two segments both of 
which are curved to define a foot and heel portion and which 
provides the substantial degree of flexibility. Various 
embodiments or configurations are disclosed. 

U.S. Pat. No. 5,376,140 (Ryan) discloses a prosthetic foot 
apparatus made of composite material. The apparatus has a 
general configuration of a natural foot with various elements 
involved, including a foamed polymer body, and cushioning 
material provides elasticity and flexion. 

U.S. Pat. No. 5,486,209 (Phillips) discloses a prosthetic 
foot apparatus made of laminated materials. The apparatus 
includes an ankle portion, a foot portion, and a heel portion. 
Various configurations are illustrated. 

U.S. Pat. No. 5,507,838 (Chen) discloses an artificial foot 
apparatus having a foot shaped casing and insert elements 
into the casing. 

U.S. Pat. No. 5,549,714 (Phillips) discloses another pros- 
thetic foot apparatus made of different elements secured 
together. Various elements are interchangeable to match the 
weight, stride, and activity schedule of the user of the 
apparatiis. 

U.S. Pal. No. 5,593,456 (Merlette) discloses another 
prosthetic leg and foot apparatus made of a single mono- 
lithic elongated composite member. The member includes a 
semi-flexible shank portion, an ankle portion, a fore-foot 
portion, and a toe portion. The apparatus is designed pri- 
marily for athletic type use, 

U.S. Pat, No. 5,593,457 (Phillips) discloses apparatus 
similar to that disclosed in the at>ove referred '290 patent. 
Both the '290 patent and the '457 patent arc continuations of 
the same parent application. 
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SUMMARY OF THE INVENTION 

The invention claims and described herein comprises a 
prosthetic foot made of a single tubular clement which is 
^ flattened or configured to provide the degree of flexibility for 
the clement. A second embodiment includes a flat plate 
appropriately secured to and extending inside of a foot 
portion of the tubular element. 

Among the objects of the present invention are the 
10 following: 

To provide new and useful prosthetic fool apparatus; 

To provide new and useful prosthetic fool apparatus 
including a tubular element; 

To provide new and useful prosthetic foot apparatus made 
of a tubular element and appropriately flattened or config- 
ured to provide a desired degree of flexibility; 

To provide new and useful prosthetic foot apparatus 
including a flat plate secured to a tubular element; and 
20 To provide new and useful prosthetic foot apparatus 
having a flat plate element secured to and extending into the 
interior of a fool portion of a tubular element. 

BRIEF DESCRIPTION OF THE DRAWING 

^ FIG. 1 is a side view in partial section of the apparatus of 
the present invention. 

FIG. 2 is a front view of the apparatus of FIG. 1. 

FIG. 3 is a top view of the apparatus of FIGS. 1 and 2, 
30 FIG. 4 is a side view of an alternate embodiment of the 
apparatxis of FIGS, 1, 2, and 3. 

FIG. 5 is a view in partial section taken generally along 
line 5—5 of FIG. 4. 

FIG. 6 is a view in partial section taken generally along 
^5 line 6—6 of FIG. 4. 

FIG. 7 is a view in partial section taken generally along 
line 7—7 of FIG. 4. 

FIG. 8 is a view in partial section taken generally along 
40 line 8—8 of FIG. 4. 

FIG. 9 is a view in partial section of an alternate embodi- 
ment of the apparatus of the present invention. 

FIG. 10 is a view in partial section taken generally along 
line 10—10 of FIG. 9. 

FIG. 11 is a view in panial section of an alternate 
embodiment of FIGS. 9 and 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

50 

FIG. 1 is a side view of flexible prosthetic foot apparatus 
10 of the present invention. FIG. 2 is a front view of the foot 
apparatus 10 of FIG. 1. FIG. 3 is a lop view of the flexible 
fool apparatus 10 of FIGS. 1 and 2. For the following 

55 discussion, reference will be made to FIGS. 1, 2, and 3. 
The flexible foot apparatus 10 comprises a tubular ele- 
ment 12 in which there is a bore 14. The fool apparatus 10 
may be divided into three portions, an upper, straight portion 
16, a curved, ankle portion 18, and a tapering lower portion 

60 20. The lower portion tapers to a toe end 22 in which the tube 
18 is substantially flat. The flattening of the tube 12 in the 
lower fool portion 20 results in an outward tapering of the 
lower foot portion 20, outwardly from the curved portion 18 
to the end 22. This is best shown in FIG. 3. 

65 In the side view of FIG. 1, the gradual tapering of the tube 
12 from the upper straight or full diameter portion 16, 
through the curved portion IS, onto the foot portion 20, and 
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terminating in the toe end 22 is shown. The degree or extent 
of flexing varies according to the degree or extent of the 
flattening of the tube. In the embodiment of FIGS. 1-3, there 
will be some flexing in the curved portion 18, as an ankle 
flexing, but even more in the foot portion 20 and in the toe 
area 22. 

FIG. 4 is a side view, partially broken away, of an 
alternate embodiment 30 of the apparatus 10 in FIGS. 1, 2. 
and 3. FIG. 5 is a view in partial section of the apparatus 30 
taken generally along line 5 — 5 of FIG. 4. FIG. 6 is a view 
in partial section taken generally along line 6 — 6 of FIG. 4, 
while FIG. 7 is a view in partial section taken generally 
along line 7 — 1 of FIG. 4, and FIG. 8 is a view in partial 
section taken generally along line 8 — 8 of RG. 4. For the 
following discussion, reference will be made to FIGS. 4, 5, 
6, 7. and 8. 

The flexible fool apparatus 30 is made of a tube 32 which 
has an interior bore 34. The flexible foot apparatus 30 
includes a relatively straight upper portion 36, which cor- 
responds to the upper portion 16 of the apparatus 10. The 
tubular member 32 includes a bore 34. The tubular member 
32 is generally circular, and accordingly the bore 34 is 
generally circular. 

Downwardly from the upper, straight portion 36 is a 
partially flattened or necked down curved portion 40. The 
portion 40 corresponds to an ankle portion of a natural leg 
in that there is flexing to a degree permitted in the area 40 
by the flattening or necking down of the lube 32. The general 
flattening of the tube 32 in the area 40 is illustrated in detail 
in HG. 6. 

Downwardly from the neck down or flattened portion 40 
is another circular or full cross-sectional area 46. In the area 
46, the tubular member 30 is at a fiill diameter cross- 
sectional configuration, as illustrated in FIG. 7. 

From the lower circular portion 46, the tubular member 32 
tapers to an outer end 52. The tapering portion 50 is similar 
to the tapering front fool portion 20 of the apparatus 10. The 
tapering is accomplished by a gradual flattening of the tube 
32 until the tubular member 32 is flattened to terminate at the 
end 52. The end 52, in an end view, is substantial the same 
as that illustrated in FIG, 2 for the end 22 of the tubular 
member 12. 

In dash/dot line in FIG. 4, the flexing of the "ankle" 
portion 40 is illustrated. The dash/dot arrow adjacent to the 
tip 52 illustrates the relative movement of the foot tapering 
portion 50 relative to the upper straight portion 36. Again, 
the flexing is permitted or allowed by the necking down, or 
semi flanening of the Cube 32 in the area 40, as illustrated in 
FIG. 6. 

By varying the cross section of the tubular member 32 in 
the "ankle" portion 40, the flexing of the apparatus is varied. 
The greater the extent of the flattening or necking down, the 
greater the degree of flexing, and vice versa. Thus, in 
addition to the flexing of the portion 40, there will also be 
some flexing in the bottom foot portion 50 due to the 
flattening of the tubular member 32. This latter flexing 
provides a degree of springiness to the apparatus 30. 

FIG. 9 comprises a side view in partial section of an 
alternate embodiment 70 of the apparatus of the present 
invention. The apparatus 70 is another alternate embodiment 
of the apparatus 10 of FIGS. 1, 2, and 3. FIG. 10 is a bottom 
view taken generally along ling 10 — 10 of FIG. 9. For the 
following discussion, reference will be made primarily to 
FIGS. 9 and 10. 

The flexible prosthetic foot apparatus 70 is again made of 
a tubular member 72 which has a bore 74. The apparatus 70 



includes an upper portion 76 which is generally straight, and 
accordingly the cross-sectional configuration of the tubular 
member 70 will be circular, such as illustrated in FIGS. 3, 5, 
and 7, for the apparatus 10 and 30. The straight upper portion 
76 then curves to define a portion 76, which may be 
considered as an ankle portion. From the curved portion 76, 
the tubular member 72 is tapered inwardly and flattened and 
terminates in a front end or toe lip 82. The continual tapering 
of the flattening of the tubular member 72 from the upper 
straight portion 76 to the toe tip 82 may be understood from 
FIG. 9. 

On the bottom of the tubular member 76, at the tapering 
foot portion 80, there is a slot 84, The front end of a plate 
90 extends through the slot 84 and extends to the lip 82 
where the plate terminates in an end 92. An appropriate 
fastener 94, such as a rivet, may be used to secure the plate 
90 to the foot portion 80, if desired or if required. However, 
as shown in FIG. 9, and as also may be understood from 
FIG. 2 and from FIGS, 1 and 4, the end or tip 82 of the 
tubular member 76 is flattened so that the plate 90 is held 
relatively securely therein. Thus, at the front end of the fool 
portion 80, the tips 92 of the plate 90 and 82 of the tube 72 
are flattened adjacent to each other. 

The flattening of the tube 72 in the foot area 80, resulting 
from the inward taper of the tube 72, results in an outward 
taper of the portion 80, as best illustrated in FIG, 10. 

FIG. 11 is a fragmentary view in partial section of an 
alternate embodiment of the apparatus 70 from that illus- 
trated in FIG. 9. Instead of having the plate 90 extend 
through the slot 84 and into the interior bore 74 of the tubular 
member 72 at the foot portion 80, the plate 92 is simply 
appropriately secured to the bottom of the foot portion 80 by 
a pair of appropriate fasteners 96, such as nuts and bolts. 
This eliminates the need for the slot 84. 

Three embodiments of a flexible prosthetic foot are illus- 
trated and have been discussed. They all share in construc- 
tion in that a tubular member is used to form the vertical 
portion of the foot and which is appropriately connected to 
a leg member or other prosthesis, not shown, but as is well 
known and understood. The tubular member curves to define 
an ankle portion between the vertical portion and a fool 
portion. Deformation of the ankle portion provides flexibil- 
ity to create to a degree the desired movement. Flexing of the 
tubular member varies according to the flattening or defor- 
mation in the cross sectional configuration, as discussed 
above. The greater the extent of flattening of the tubular 
member, the greater the degree or extent of ihe flexibility. 

While the principles of the invention have been made 
clear in illustrative embodiments, there will be immediately 
obvious to those skilled in the art many modifications of 
structure, arrangement, proportions, the elements, materials, 
and components used in the practice of the invention, and 
otherwise, which are particularly adapted to specific envi- 
ronments and operative requirements without departing 
from those principles. The appended claims are intended to 
cover and embrace any and all such modifications, within 
the limits only of the true spirit and scope of the invention. 

What I claim is: 
1. Prosthetic foot apparatus comprising in combination: 

a resilient tubular prosthetic support clement including 
a relatively straight upper tubular portion, 
65 a curved middle tubular portion, 

a lower tubular portion terminating in a relatively 
flattened end; and 
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the curved middle tubular portion is flattened to allow 
flexing of the tubular element. 

2. The apparatus of claim 1 which further includes a plate 
secured to the lower tubular portion. 

3. The apparatus of claim 2 in which the lower tubular - 
portion includes a slot and the plate extends ioio the slot to 
secure the plate to the lower tubular portion. 
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4. The apparatus of claim 1 in which the flattening of the 
curved middle tubular portion is tapered to the lower tubular 
portion. 

5. The apparatus of claim 4 in which the flattening of the 
curved middle tubular portion tapers on to the lower tubular 
portion. 

4 « * * * 
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ABSTRACT 



Provided herein is a simple, inexpensive prosthetic fool 
incorporating an ankle block with spring inserts. The ankle 
block is fonmed of compressible material having desired 
compliance and energy return characteristics. The ankle 
block is sandwiched between a foot element and an ankle 
element. One or more spring inserts are embedded inside the 
ankle block to increase the rigidity of the prosthetic foot and 
to improve the degree of energy storage and return. The 
shape of the spring inserts is preferably one that supports 
compression during relative angular rotation of the ankle 
plate and fool plale elements, such as during toe and heel 
roll, and also vertical compression, such as in response to 
vertical shock loads. 

52 Claims, 7 Drawing Sheets 
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ANKLE BLOCK WITH SPRING INSERTS tics generally comprising a lower foot plate, an upper ankle 

plate, a foam ankle block joining the two plates, and a spring 

CROSS-REFERENCE TO PENDING element embedded in the ankle block. Both the foot plate 

APPUCATION and the ankle plate are constructed of strong, flexible 

•niis application is a continuation of provisional applica- ^ material, preferably a laminate of composite material. The 

tion Ser. No. 60/081,472, filed Apr. 10. 1998. foot plate is sized approximately equal to a human foot bemg 

replaced, while the ankle plate has a similar width, but has 

BACKGROUND OF THE INVENTION a shorter length than the foot plate. The ankJc block has a 

1 Field of the Invention and width approximately equal to the ankle plate and 

-me present invention relates to prosthetic feet and, more ^« is aligned therewith. The spring clement comprises two 

particularly, to a simply constructed, low-profile prosthetic ^^^^^^^^l^ fiber composite members secured at 

fool having enhanced performance characteristics ^^eir middle and separated at their ends. This gives the 

^ . . r u . J * Spring element a preterablc shape of a bowtic or double 

2. Descnption of the Related Art wishbone. Preferably, an attachment member couples the 

In the prosthetics market, the conventional SACH (solid- ^^^^ ^j^^^ 3 ^^^^^ lower-limb pylon of the wearer, 

ankle, cushion-heel) foot has been the most widely pre- During walking, the combination of the resilient ankle block 

scribed artificial foot over the past 35 years. The SACH foot ^^^^ embedded spring element and flexible plates provides 

generally includes a solid ankle and cushioned heel foot ^ smooth rollover from a hcel-strikc to a toe-off position, 

mounted to a limb dong an approximate hinge axis taken Iq another aspect, the ankle block of a prosthetic foot may 

through the ankle. The SACH foot has been popular pre- ^^^.^^^ ^.^^ cylindrical openings both in the fore and 

cisely for its simplicity, and thus economy, but includes ^^.^ ^^^.^.^^ ^^/^^^^^^ ^^^^^ ^^^^ ^^^^^^ 

certain drawbacks in terms or dynamic response character- . , ^ , . , \, t*,^ 

. " . t . o * ^.1 r . 1 placement of additional inserts orstiffeners to give the block 

■sues Specifically, the low end SACH feet do no. provide ^^^.^^^ ,^ ^ ^^^.^^^^^ embodiment, the foot 

much energy storage and release, as do more sophisUcated J ^ ^^^^^^ ihickn^^'^. Further, the fool 

prosthetic feet. 25 element comprises uplifted heel and toe ends and an arch 

Most modem foot prostheses incorporate some form of region therebetween 

energy storage clement for storing and releasing walking ^^^^^^ advantages and applications will become apparent 

energy. Conventionally, this might consist of a spnng-loaded ^^^^^ ^^j,^^ ^^^.^^^ 

ankle loml comprising metal coii springs or, more . ...j c ^i.- 

, ^ i_ T ■ f , description and the drawings referenocd herein, 

commonly, rubber compliance members. Inexpensive toot 30 * 

prostheses have also been devised having essentially a solid BRIEF DESCRIPTION OF THE DRAWINGS 
rubber or foam ankle block for storing and releasing walking 

energy. Such an ankle block has been disclosed in my issued FIG. I is a perspective view of the prosthetic foot of the 

patent titled PROSTHESIS WITH RESILIENT ANKLE present invention. 

BLOCK. U.S. Pat. No. 5,800.569, the entirety of which is 35 pjQ 2 is a cross-sectional view of the prosthetic foot of 

incorporated by reference. A so lid. compressible ankle block present invention. 

may be secured between upper and lower support members 3 ^ ^ perspective view of the spring element 

to provide resilient compression and energy storage and .^^edded in the ankle block of the present invention, 

release. The use of an ankle block member provides signih- r-,^ . * • , , • . c t_ . c , 

cant manufacturing and cost advantages. However, for cer- 40 ^^^\ ^ f V*^' clevational view of the prosthetic tool 

tain applications it is difficult to attain a desired level of more clearly showing a foot plate having a tapered thickness 

spring compliance and energy return characteristics using a along its length. 

solid ankle block due to the inherent limitations of the FIG. 5A is a sectional view of the prosthetic foot in a 

materials involved in terms of elasticity, viscosity and maxi- heel-strike position of a walking stride. 

mum compression. 45 FIG. 5B is a sectional view of the prosthetic foot in a flat 

Therefore, it would be desirable to provide an ankle block position of a walking stride, 

having selectable compliance and energy return character- FIG. 5C is a sectional view of the prosthetic foot in a 

istics that may be varied over a wider range to accommodate heel-off position of a walking stride, 

the different weight, height and activity levels of amputees. pjQ ^ sectional view of the prosthetic foot in a 

SUMMARY OF THE INVENTION ^° P^^*'^°" ^ vf^\^dng stride. 

-.L .L • _ .u — , FIG. 6 is a cross-sectional view of an alternative e mbodi- 

In response to the problems with the prior art, the present . , , ■ r r u 

. ^ -J • I • • \u r f i nient of the prosthetic foot of the present invention, 
mvention provides a simple, inexpensive prosthetic toot 

incorporating an ankle block with spring inserts. The ankle DETAILED DESCRIPTION OF THE 

block is formed of compressible material having desired 55 PREFERRED EMBODIMENTS 
compliance and energy return characteristics. The ankle 

block is sandwiched between a foot element and an ankle With reference to FIGS. 1 and 2, a first embodiment of a 

clement. One or more spring inserts arc embedded inside the pnasthetic fool 10 of the present invention is shown in a 

ankle block to increase the rigidity of the prosthetic foot and perspective view and a cross-sectional side view, respec- 

to improve the degree of energy storage and return. The so lively. The prosthetic foot 10 generally comprises a lower 

shape of the spring inserts is preferably one that supports foot plate 12 an upper, smaller ankle plate 14, an ankle layer 

compression during relative angular rotation of the ankle or block 16 made of resilient material, connecting the fool 

plate and foot plate elements, such as during toe and heel plate 12 to the ankle plate 14, and a spring elemcnl 18 

roll, and also vertical compression, such as in response to embedded within the ankle block 16. The foot plate 12 has 

vertical shock loads. 65 a length and width roughly equal to the approximate length 

In one aspect of the present invention, a basic prosthetic and width of the particular wcarcr*s amputated foot and 

foot is provided having enhanced pcrfonmance characteris- si2cd to fit within an outer, flexible cosmesis 30, shown in 
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phantom. The ankle plate 14 and the resilient ankle b!ock 16 are monolithically formed with one another for optimum 
have approximately the same horizontal cross-sectional size. strength and durability. The attachment member 34 has a 
The ankle plate 14, ankle block 16. and spring clement 18 rearward surface 38, as shown in FIG. 2, and a forward 
are centered transversely with respect to and are generally surface 40 substantially parallel thereto. The attachment 
positioned over the back half of the toot plate 12. The ankle 5 member 34 is substantially rigid and capable of sustaining 
block 16 is sandwiched between the foot plate 12 and the torsional, impact and other loads impressed thereupon by the 
ankle plate 14 and is preferably glued or bonded to both prosthesis. In addition, the inherent rigidity of attachment 
plates using polyurethane adhesive or other known secure- ^^.^^er 34 prevents it from being distorted in any substan- 
mcnt technologies. ^1^1 causes the cfifcctivc transmission of the afore- 
Thc spring element 18 is a resilient support member ^^^^ (03^3 imposed thereupon to a suitable ancillary pros- 
inserted within the resilient ankle block 16. As shown in thctic pylon 32 

FIG. 3. the spring element 18 U preferably comprised of ^^^^ ^^^^^^^^ ,^ p,^, attachment member 34 is in 

upper and lower plate-like members 22 and 24, each or . - , ... ^ ... ... ,u»-. 

1 , n . J L . -11 1 preferred embodiment vertically oriented so that it may 

which IS relatively flat and has a substantially rectangular , i * .l i l i- i • a-i ■ 

. , ■ . J . ,1. ■ be secured to the pylon member 32. A coup Img device 42 IS 

vertical projection. These members are secured at their ,^ . . ^ . .i. f j r .u i u a-i u- u 

, ^ ; , . J on J oi positioned at the lower end of the pylon member 32 which 

center by a fastener 26 and separated at ends 80 and 82. Ine « . r u- u .u i u™ . 

. „ f . provides a fiat surface upon which the vertical attachment 

upper member 22 preferably has a curvilinear concave u i4 u j t-u i- a • At u 

. , .1.1 1 r i_t L member 34 can be secured. The coupling device 42 has one 

upward shape, while the lower member 24 preferably has a ... . . • . . -.u rL r i • t 

.,. ^ , , , -T^ ■ . , • attachment surface 44 which mates with the cylindrical outer 

curvilinear concave downward shape. Inis gives the spring ^ r. , u n j i u . n 

. . .ti..i -.. . r surface of the pylon member 32 and a second substaotially 

element 18 a substantially double wishbone or bowtie shape. attachment surface 46 which mates with the attachment 

As shown m FIG. 1. the spring element 18 is complete y 3^ ^^^^^^^^ embodiment, attachment sur- 

embedded withm the ankle block 16 so as not to be visible ^ ^^^^ ^j^^, ^^^-^^^ 

from the outside. Referrmg to FIG. 2. the spnng element 18 ^^^^^^ attachment surface 46 is 

extends substantiaUy longitudmally across the length of the 3^, ^ accommodate the forward surface 40 of the attach- 

ankle block 16, and has a width substantially equal to the 25 ^iq^i member 34 

width of ankle block 16. The fastener 26 may comprise ,^ . . , . . . . , , , 

bolts, a weld, or any other fastening means as would be , Desirably, the couphng device 42 is welded or bonded to 

known to those skilled in the art. In the preferred ^^e pylon member 32 and has two holes (not shown) into 

embodiment, the fastener 26 is a strap which is laminated ^^ich two bolts 48 can be inserted and secured^ The 

around the center portion of the two members 22, 24. A 30 at[^.^hmcnt member 34 also has two holes (not shown) 

wedge member 28, preferably of a resilient elastomer, is ^^J^^ align with the holes on the couphng device to place 

pUccd between the two plate members 22, 24 to protect the ^""l^^ attachment member 

Lcr surfaces of the members and to provide additional ^""P^»"e device 42. Other methods ol sccunng 

support to the spring element 18. The wedge 28 acts to the pylon member to the footportion arc contemplated such 

provide leverage between the two plate members 22. 24, and 35 f'^T ^'^^^^^ j'^ '^7^''''' ^"'^ f^^" 

enables adjustment of the flexing characteristics of the the entirely of which is incorporated by reference, as 

spring element 18. if desired. Alternatively, it may be ^'^^ ^ ^^ose utilizmg integrally formed constructions, 

bonded permanently in place or formed intcgraUy with one As stated, the attachment member 34 monolithically 

or both of the plate members 22, 24, as desired. Although the formed with the ankle plate 14 is vertically aUgned so that 

spring element 18 has been described as having a double 40 extends relatively downward from the coupling device 42 

wishbone or bowtie configuration, other shapes and sizes the pylon member 32. As shown in FIG. 2, the thickness 

may be appropriate for providing support to the ankle block of the attachment member 34 along this vertical section is 

16. Furthermore, more than one spring clement may be relatively greater than the thickness of the ankle plate 14 

provided in the ankle block to provide support and energy substantially horizontally aligned along the foot portion. The 

return to the prosthetic foot 10. 45 attachment member 34 is also made relatively thicker to 

As can be seen in FIGS. I and 2, the prosthetic foot 10 support the vertical load imposed on the prosthetic device as 

further comprises a pylon member 32 which can be secured "^^^^ ^ ^o restrict undue bending at this juncture. The entire 

to the stump of the amputee (not shown) and extends upper vertically-aligned section of attachment member 34 is 

relatively downward therefrum in a generally vertical direc- preferably of substantially uniform thickness and width, 

tion. The pylon member 32 in the preferred embodiment is so 'Hie tubular pylon member 32 is preferably removable 

of tubular construction having a substantially equal moment from the prosthetic device such that the pylon member can 

of inertia in all directions to restrict bending in all directions. be replaced without replacing the remainder of the prosthetic 

The tubular member 32 is also preferably hollow so that it device. This permits Applicant's invention to be utilized in 

is relatively light in weight and utilizes less material which a broader range of applications. For instance, the tubular 

reduces the cost of production. The pylon member 32 is 55 member of Applicant's invention can be cut and adapted for 

dimensioned so as to be interchangeable with a standard 30 use by amputees having dififerent stump lengths including 

mm pylon. Other configurations which impart rigidity, such growing amputees. The prosthetisl merely needs to cut a 

as rectilinear cross sections having relatively larger standard tubular pylon to the appropriate length. Moreover 

moments of inertia about one or both transverse axes can this eliminates the need to manufacture as a part of the 

also be utilized to obuin the benefits discussed herein. A so prosthesis a long rigid leg section. Thus, fewer materials are 

centerline 70 through pylon 32. shown in FIG. 1, defines the needed to manufacture the prosthesis of Applicant's inven- 

downward direction of the application of force. tion resulting in reduced manufacturing costs. 

As shown in FIGS. 1 and 2. the ankle plate 14 is secured The preferred embodiment further comprises cylindrical 

to the pylon member 32 through a vertically oriented upper slots or openings 50, 51 in the fore and aft portions of the 

attachment member 34. The upper attachment member 34 is 65 ankle block 16, respectively, as shown in FIG, 2, to accom- 

attached to a curvilinear ankle section 36, which is con- modaie insertion of stiffcners 52, 53. The cylindrical open- 

nected to the ankle plate 14. Preferably, these three pieces ings 50, 51 are disposed horizontally in a direction generally 
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transverse to a forward walking molion, and between upper 
and lower plate members 22 and 24. StifiFcners 52, 53 can be 
removably placed in these openings to provide additional 
support and rigidity to the prosthetic foot 10, and also to 
modify the spring characteristics of the prosthetic foot. For 
instance, additional energy storage and return can be pro- 
vided for a more active amputee by inserting stiffcners 52, 
53 into ankle block 16 having a higher spring constant. On 
the other hand, when more control is desired, stififcners with 
a lower spring constant may be inserted to produce an ankle 
block 16 with greater dampening characteristics. 
Alternatively, the cylindrical openings 50, 51 may remain 
empty, thereby making the compliance characteristics 
dependent solely on the ankle block 16 and the spring 
clement 18. 



Preferred Materials and Fabrication 
Both the foot plate 12 and the ankle plate 14 are prefer- 
ably formed of a flexible material so that flexing of the plates 
tends to relieve extreme shear stresses applied to the inter- 20 
faces between the ankle block 16 and the plates 12, 14. Both 
the foot plate 12 and the ankle plate 14 are preferably 
constructed of fiberglass which provides strength and flex- 
ibility. The preferred material for the ankle plate 14 and the 
foot plate 12 is a vinyl ester based sheet molding compound, 25 
such as Quantum #QC-8800, available from Quantum Com- 
posites of Midland, Mich. Alternatively, the plates may be 
formed by a plurality of lamina embedded in an hardened 
flexible polymer. In other arrangements, the plates may be 



ites such as woven fiber mats and chopped fiber in an epoxy 
matrix. However, other materials with similar strength and 
weight characteristics will be known to those skilled in the 
art and may be used with eflScacy. For instance, other 
filament types may be used, such as glass, Kevlar and nylon 
by way of example, to ensure lightweight and structural and 
dynamic characteristics consistent with the needs of a par- 
ticular amputee. The wedge 28 may be fabricated from a 
10 wide variety of resilient materials, including natural and 
synthetic rubber, elastomeric polyurethanes, or the like. 

The ankle block 16 containing spring element 18 may be 
fabricated by injecting a polyurethane elastomer into a mold 
15 allowing it to cure. The spring clement 18 may be inserted 
into the mold prior to injection of the polyurethane so that 
during curing, the polyurethane bonds to the spring member. 
Cylindrical slots or openings 50, 51 for insertion of stifle ners 
52, 53 may be provided in ankle block 16 by inserting 
cylindrical plugs into the block prior to injection of poly- 
urethane. Alternatively, openings may be provided in the 
block after curing simply by cutting or drilling away por- 
tions of the ankle block. 



The stiffcners provided in the openings arc preferably 
tubes of foam material having a density chosen according to 
desired compliance characteristics. A preferable material is 
expanded polyurethane having a foam density between 



formed of other materials such as carbon fiber composites as 30 about 150 and 1500 kg/m^. More preferably, a density of 
may be apparent to one skilled in the art. The desirable 
properties of the plates are that they are relatively resilient 
so as to withstand cracking upon application of repeated 
bending stresses yet have sufficient flexibility to enhance the 
performance characteristics felt by the wearer in conjunction 35 
with the properties of the resilient ankle block. The pylon 
member 32 is preferably made of a stiff material such as a 
laminate of fiber reinforced composite. Stiffness in the pylon 
member 32 can also be provided by a stiffcr and more dense 
material. 

The ankle block 16 is sandwiched between the foot plate 
12 and the ankle plate 14 as shown in FIGS. 1 and 2 and is 
preferably bonded to both plates. The ankle block is pref- 
erably formed of urethane, rubber or other suitable material 
having desired compliance and energy return characteristics. 
A preferred material for the ankle block is expanded poly- 
urethane foam such as cellular Vulkolka® Pur-Cell No. 
15-50, with a density of approximately 500 kg/m^ as avail- 
able from Pleiger Plastics Company of Washington, Pa. 
Alternatively, the ankle block 16 may be molded or fabri- 
cated from a wide variety of other resilient materiab as 
desired, such as natural or synthetic rubber, plastics, hon- 
eycomb structures or other materials. Cellular foam, 
however, provides a high level of compressibility with 
desirable viscoclaslic springiness for a more natural feeling 55 
stride without the stiffness drawbacks and limited compres- 
sion associated with solid elastomeric materials. 
Furthermore, the cellular nature of a foam block makes it 
lighter than solid elastomers. Foam densities between about 
150 and 1500 kg/m' may be used to obtain the benefits of the 60 
invention taught herein. 

The spring element 18 is preferably made from a highly 
resilient material that is capable of supporting compression 
during relative angular rotation of the upper and lower 
members 12 and 14, such as during toe and heel roll, and 65 
also vertical compression such as in response to vertical 
shock loads. One preferred material is carbon fiber compos- 



40 



45 



50 



about 250 to 750 kg/m^ is preferred to provide adequate 
adjustnienl of the energy storage and return characteristics 
of the prosthetic foot. 

Preferred Dimensions 

As illustrated in FIG. 4, the foot plate 12 is preferably of 
curvilinear shape. The thickness t of foot plate 12 is pref- 
erably tapered along its length, and the tapered profile 
corresponds approximately to the weight of the amputee. 
That is, for a heavier amputee, the thicknesses along the 
length would be greater than for a lighter weight amputee. 
Generally, the weight groups may be classified as light, 
medium, or heavy. 

Table 1 below presents preferred groupings, as module 
sizes C/D/E, of cosmesis sizes corresponding to a male *'A" 
width shoe last. The sizes are presented by length L, width 
B at the forefoot and width H at the heel of the co.smesis. 

TABLE I 

CosmMis Sizes for Male "A" Width Shoe Last 

WIDTTH B WIDTH H 



MODULE 


LENGTH L (cm) 


(cm) 


izm) 


C 


22 


2.68 


2.19 




23 


3.00 


2.25 




24 


3.12 


2.31 


D 


25 


3.25 


2.44 




26 


3.38 


2.50 




27 


3.50 


2.56 


E 


23 


3.62 


2.69 




29 


3.75 


2.75 




30 


y&8 


2.31 
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Tabic II below presents preferred module sizes for various 
weight groups of amputees. 

TABLE II 

Modules vs. Weight Groups 
WEIGHT 

GROUP 



MODULE LIGKT MEDIUM HEAVY 



C CL CM — 

D DL DM DH 

E — EM EH 



Table III below presents preferred taper thicknesses (t) for 15 
an average or *'DM" size fool plate 12 taken at positions 
spaced by distance x-1 inch (2.54 cm). 

TABLE III 

, 20 

Taper Thickness t for DM Fool Plate 



POSmON (x - 2.54 cm) THICKNESS t (cm) 



a 


0.16 


b 


0.16 


c 


0.32 


d 


0.52 


e 


0.69 


f 


0.78 


g 


0.71 


h 


0.60 


t 


0.48 


j 


0.2S 



25 



30 



The foot plate 12 has a heel end 54, toward the left in FIG. 
4, which is concave-upward or slightly upUfted from a 35 
horizontal plane Pj tangential to the heel end 54 of the foot 
plate 12. Similarly, a toe end 56, to the right of FIG. 4, is 
concave upward or somewhat uplifted from a horizontal 
plane tangential to the front portion of the foot plate 12. 
An arch section 58 is formed between the heel and toe ends 4Q 
and is preferably concave-downward, as shown. 

It is understood that within the cosmcsis 30 (not shown), 
the tangent plane Pj of the heel end 54 is slightly raised a 
distance y relative to the tangent plane Pj of the toe end 56, 
as shown. The DM-sized fool plate of Table HI, for example. 45 
has y-0.5 inches (1.27 cm). The foot plate 12 is preferably 
0.25 inches (0.63 cm) from ihc bottom or sole of the 
cosmcsis 30. The cosmesis 30 may be insert molded using 
an anatomically sculpted foot shape, with details and sizing 
based on a master pattern and/or digitized data representing so 
typical foot sizes. 

An intermediate region 58 comprising the arch portion of 
the foot plate 12 has the greatest thickness of the fool plate 
12. The cxirvature of the arch region 58 is defined by the 
cosmcsis or shoe sole profile, and generally corresponds to 55 
selected ranges of human foot lengths. 

The fool plate 12 of prosthesis 10 preferably has a length 
between about 5 and 15 inches (about 13 and 38 cm), more 
preferably between about 8 and 12 inches (about 20 and 30 
cm) for the foot sizes given in Table I, The width of foot 60 
plate 12 is preferably about 1 to 4 inches (about 2.5 to 8 cm). 
For the example given in Table III for a DM-sized foot plate 
12 the length of the plate 12 is approximately 9 inches (about 
23 cm) and its width is about 2 inches (about 5 cm). The fool 
plate 12 has a thickness between about 0.05 and 0.4 inches 65 
(about 0.1 and 1 cm), which more preferably may be tapered 
as indicated in Table III. 
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The ankle plate 14 of prosthesis 10 is .substantially planar, 
and is preferably shorter in length than the foot plate 12 and 
has a thickness also defined by the weight group of the 
wearer. The thickness of the ankle plate is preferably about 
0.05 10 0.4 inches (0.1 to I cm). More preferably, the 
corresponding ankle plate 14 in the present example is about 
0.2 inches (about 0.5 cm) thick at rear portion 62, tapering 
to a thickness of about 0.1 inches (about 0.25 cm) at front 
portion 60. The ankle plate 14 preferably has a length of 
about 3 to 7 inches (about 8 to 18 cm) and a width of aboui 
1 to 3 inches (about 2.5 to 8 cm), more preferably having 
length-width dimension of approximately 5x2 inches (about 
13x5 cm). The ankle plate 14 is positioned at an angle such 
that its front tip 60 is located closer to the foot plate 12 than 
its rear tip 68. Relative to plane P3 shown in FIG. 4, ihe rear 
tip is preferably raised an angle y of about 5 to 30 degrees, 
and more preferably, about 10 degrees. 

The ankle block 16 is generally sized such that its upper 
surface is planar and corresponds to the length and width of 
the ankle plate 14. The lower surface of the ankle block 16 
is substantially curvilinear to mate with the curvilinear 
surface of fool plate 12. In the present example, the block 16 
has a preferred thickness, at its front 66, of about 1 10 3 
inches (about 2.5 to 8 cm), more preferably about 1.3 inches 
(about 3.4 cm). Its thickness tapers to a minimum of about 
0.5 to 1 inch (about 1 to 2.54 cm), more preferably about 0.8 
inches (about 2 cm) adjacent arch portion 58. The rear 64 of 
the block 16 is preferably about 1 to 4 inches (about 2.5 to 
10 cm) thick, more preferably about 2.6 inches (about 6.6 
cm) thick, which is about twice the thickness of the front 
portion 66 of the block 16. This gives the ankle block a 
substantially wedge shape. The greater thickness at the rear 
of block 16 is provided to impart additional support in the 
rear portion 64 of the ankle block due to greater compressive 
forces on the rear of the foot prosthesis caused by off-axis 
application of force relative to axis 70 during heel strike (see 
FIG. 5A). 

The ankle block 16 may be provided in varying heights or 
thicknesses, as desired, but is most effective with a thickne.ss 
of between about 1 and 4 inches (about 2.54 and 10 cm). The 
front portion and rear surfaces of ankle block 16 are pref- 
erably angled according to the angle 7 defined by the plane 
Pj and the ankle plate 14. In other words, the ankle block has 
front and rear surfaces which are preferably sloped forward 
at an angle y from vertical. The ankle block thus provides a 
relatively stiff", yet flexible ankle region which can be 
customized for various wearers. Heavier wearers may 
require a denser resilient material for the ankle block, while 
lighter wearers may require a less dense material or less 
thickness. 

As shown in FIGS. 2 and 3, the spring element 18 is 
positioned in the ankle block such that the center of the 
spring element 18, at the position of fastener 26, is located 
approximately above the arch portion 58 of fool plate 12. 
The two members 22,24 of the spring elemeni 18 preferably 
have a constant thickness of about 0.05 to 0.2 inches (about 
0.1 to 0.5 cm). The distance between the two members at 
front end 82, when no load is impressed onto the foot 10, is 
preferably about 0.5 and 2 inches (about 1 to 5 cm), more 
preferably about 0.7 inches (about 1.8 cm). At rear end 80, 
when no load is impressed on the fool 10, the distance 
between members 22 and 24 is about 1 to 3 inches (about 2.5 
to 7.5 cm), more preferably about 1.4 inches (about 3.5 cm). 
As described in further detail below, when the fool is in a 
heel-strike position, the rear end 80 of the spring element is 
compressed. When the foot is in a toe-off position, the 
forward end 82 of the spring element is compressed. 
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The lengths, widths and thicknesses of the foot plate 12 
ankle plate 14, ankle block 16 and spring clemcni 18 may be 
customized for the wearer according to his/her fool size as 
well as the approximate weight group of the wearer. 
Likewise, the material choice and size for these elements ^ 
may be varied according to the wearer*s foot size and 
weight. 

The cylindrical openings 50, 51 provided in the fore and 
aft portions of ankle block 16 preferably have a diameter of 
about 0.1 to 0.4 inches (about 0.25 to 1 cm), and more 
preferably, about 0.2 inches (about 0.5 cm). While the 
openings 50 and 51 shown in FIG. 2 have the same diameter, 
the diameters of the openings may be different to accom- 
modate different sized .stiffeners. For instance, the diameter 
of opening 51 may be made larger than the diameter of 
opening 50 to correspond with the greater volume of ankle 
block 16 in rear portion 64. 

Performance Characteristics 

To more fully explain the improved performance charac- 
teristics of the present prosthetic foot 10, FIGS. 5A-5D 
show "snapshots" of a prosthetic foot in several positions of 
a walking stride. More particularly, FIG. 5A shows a heel- 
strike position, FIG. SB shows a generally flat or mid-stance ^ 
position, FIG. 5C shows a heel-off position, and FIG. 5D 
shows a toe-off position. Throughout the various positions 
shown for a walking stride, the present prosthetic foot 10 
provides a smooth and generally life-like response to the 
wearer. During a walking stride, the ankle block 16 transmits 
the forces imparted thereon by the foot plate 12 and ankle 
plate 14, and experiences a gradual rollover, or migration of 
the compressed region, from rear to front. 

With specific reference to FIG. 5A, a first position of a 
walking stride generally entails a heel strike, wherein the 35 
wearer transfers all of his or her weight to the heel of the 
leading foot. In this case, a rear portion 54 of the foot plate 
12 comes in contact with a ground surface 68, albeit through 
the cosmcsis 30. The flexible nature of the foot plate 12 
allows it to bend slightly in the rear portion 54, but most of 40 
the compressive stresses from the weight of the wearer 
through the prosthetic foot 10 to the foot plate 12 are 
absorbed by a rear region 64 of the ankle block 16 with 
spring element 18. The spring element 18 in the rear portion 
contracts, such that the distance between members 22 and 24 45 
at rear end 80 decreases. In a front region 66 of the ankle 
block 16, the spring clement 18 may expand slightly such 
that the distance between members 22 and 24 at front end 82 
increases. Front portion 66 of the ankle block 16 experiences 
a stretching, or tension, due to the attachment along the so 
entire lower edge of the ankle block with the foot plate 12 
while rear portion 64 experiences compression. The con- 
traction of the spring element 18 at end 80 and ankle block 
16 at end 64 allows the prosthesis 10 to absorb and store 
energy from the compressive stresses during heel strike. 55 
Further, a slight amount of bending may occur in a rear 
region 68 of the ankle plate 14. The rear stiffcner 53 between 
members 22 and 24 is compressed so as to provide necessary 
support to the fool prosthesis and to prevent separation of the 
members 22, 24 from the wedge 28. Front stiffener 52 is 60 
slightly stretched substantially vertically due to the tension 
forces at front portion 66 of ankle block 16, 

Next, in FIG. 5B, the wearer reaches a generally flat- 
footed or mid-stance position, whereby the foot plate 12 
contacts the ground 68 along substantially its entire length, 65 
again through the cosmesis 30, In this position the weight of 
the wearer is directed substantially downwardly, so that the 
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compression along the length of the ankle block 16 is only 
slightly greater in the rear portion 64 than in front portion 66, 
due to the off-center application of force. In both the fore and 
rear ends of spring element 18, the members 22 and 24 are 
compressed towards each other, with the rear end 80 being 
slightly more compressed from its original position than the 
forward end 82. Likewise, stiffeners 52 and 53 arc com- 
pressed due to the downward application of force. Although 
this view freezes the compressive stress distribution as such, 
in reality the weight of the wearer is continually shifting 
from behind the centerline 70 of the attachment member 34 
to forward thereof. TTius, as the wearer continues through the 
stride, the compres.sion of the ankle block 16 and the 
elements embedded within travels from the rear portion 64 
toward the front portion 66. This migration of the com- 
pressed region can be termed "rollover.'' 

In a next snapshot of the walking stride, FIG. 5C shows 
the prosthetic foot 10 in a "heel-off"" position. This is the 
instant when the wearer is pushing off using ball 72 and toe 
74 regions of the foot. Thus, a large compressive force is 
generated in the front region 66 of the ankle block 16, 
causing the rear region 64 to experience a large amount of 
separation or tension. Similarly, the spring element 18 at the 
rear end 80 expands between the two members 22, 24, while 
it compresses in the front end 82. The front lip 56 of the foot 
plate 12 may bend substantially to absorb some of the 
compressive stresses. Likewise, the front tip 60 of the ankle 
plate 14 may bend somewhat at this point. It is important to 
note that although the ankle block 16 absorbs a majority of 
the compression generated by the wearer, the fool plate 12 
and ankle plate 14 are designed to work in conjunction with 
the resilient ankle block and spring element and provide 
enhanced dynamic performance. Further, the flexing of the 
footplate 12 and ankle plate 14 relieves some of the extreme 
shear stresses applied to the interfaces between the ankle 
block 16 and plates, thus increasing the life of the bonds 
formed therebetween. The stiffener 52 located in the front 66 
of the ankle block 16 compresses so as to limit compres.sion 
of front end 82, giving the wearer balance and to prevent 
separation of the members 22. 24 from the wedge 28. 
Stiffener 53 extends due to the separation of ankle block 16 
in rear portion 64. 

In FIG. 5D, a final position of the walking stride is shown, 
wherein the prosthetic foot 10 remains in contact with the 
ground 68, but some of the weight of the wearer is being 
transferred to the opposite fool, which has now moved 
forward- In this "toe-o2" position, there is less bending of 
the front lip 56 of the foot plate 12 and less compression of 
the front portion 66 of the ankle block 16 and front end 82 
of spring element 18. Likewise, the front tip 60 of the ankle 
plate 14 may flex a slight amount, depending on the material 
and thickness utilized. The region of highest compression of 
the ankle block 16 remains at the farthest forward region 66, 
but it is reduced from the compression level of the heel-off 
position of FIG. SC. Thus, the rear portion 64 of the ankle 
block 16 experiences a small amount of tension or spread- 
ing. 

It can now be appreciated that the "feel" of the present 
prosthetic foot is greatly enhanced by the cooperation 
between the foot plate, ankle plate, ankle block and spring 
inserts. As the wearer continues through the walking stride 
the dynamic response from the prosthetic foot is smooth as 
the ankle block with spring inserts compresses in different 
regions. Further, the flexing of the ankle and foot plates 
assist in smoothly transmitting the various bumps and jars 
found in uneven walking surfaces. 

Alternative Embodiments 
It will be appreciated that alternative embodiments of a 
prosthetic foot having an ankle block with a spring insert are 
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also encompassed by Ihis invenlion. One such alternative 
embodiment is shown in flG. 6. Reference numerals for 
FIG. 6 generally correspond to the reference numerals used 
in nCS. 1-5D for like elements. Thus, the prosthetic foot 10 
shown in FIG. 6 generally comprises a lower foot plate 12 5 
an upper, smaller ankle plate 14, an ankle layer or block 16 
made of resilient material, connecting the foot plate 12 to the 
ankle plate 14, and a spring element 18 embedded within the 
ankle block. The foot plate 12 has a length and width 
roughly equal to the approximate length and width of the lO 
particular wearer's amputated foot and sized to fit within an 
outer, flexible cosmesis 30, shown in phantom. As shown in 
FIG. 6, the ankle plate 14 has a substantially arcuate 
curvature extending from the integrally formed attachment 
member 34 to the front of the ankle plate 14. 15 

More. particularly, the spring element 18 as illustrated in 
FIG. 6 is a resilient support member inserted within the 
resilient ankle block 16. The spring element 18 shown in 
FIG. 6 is preferably a plate-like member with a curvilinear 
concave downward shape and a substantially rectangular 20 
vertical projection. The spring element 18 is preferably 
made from a carbon fiber composite material such as 
described hereinbefore, although other similar materials 
may be used as well. 

The embodiments illustrated and described above are ^ 
provided merely as examples of certain preferred embodi- 
ments of the present invention. Other changes and modifi- 
cations can be made from the embodiments presented herein 
by those skilled in the art without departure from the spirit 
and scope of the invention as defined by a fair reading of the ^ 
appended claims. 

What is claimed is: 

1. A prosthetic fool for attaching to a socket or pylon of 
a lower-limb amputee, comprising: 

a foot plate clement having a length approximately equal 
to the length of a human foot, the foot plate clement 
comprising a resilient material capable of flexing along 
its length; 

an ankle plate element having a length substantially ^ 
shorter than the foot plate element; 

an ankle block comprising a relatively soft, compressible 
material sandwiched between the ankle plate element 
and the foot plate element, the ankle block providing 
energy storage and support and cormection between the 45 
foot plate element and the ankle plate element; and 

a spring element embedded within the ankle block for 
providing additional energy storage and support, said 
spring element having a posterior portion configured to 
compress during heel-strike, and an anterior portion 50 
configured to compress during toe-off; 

whereby the foot plate element, the ankle block, and the 
spring element flex in a cooperative manner to provide 
substantially smooth and continuous rollover transition 
from heel-strike to toe-oflf. S5 

2. The prosthetic foot of claim 1, wherein the fool plate 
element has a tapered thickness along its length, such that 
the thickness increases from a heel section to an arch section 
and decreases from the arch seaion to a toe section. 

3. The prosthetic foot of claim 2, wherein the heel and toe 60 
sections are formed substantially concave-up and the arch 
section is formed substantially concave-down. 

4- The prosthetic foot of claim 1, wherein the ankle block 
has a substantially planar upper surface and a curvilinear 
lower surface, the upper surface mating with a bottom 65 
surface of the ankle plate element, the lower surface mating 
with a top surface of the foot plate element. 



,934 Bl 

12 

5. The prosthetic foot of claim 1, wherein the ankle plate 
clement, the ankle block and the spring clement arc centered 
transversely with respect to and arc generally positioned 
over a back half of the foot plate element. 

6. The prosthetic fot t of claim 1, wherein the ankle block 
is made of a foam blocK having a density between about 150 
and 1500 kg/m^ 

7. The prosthetic foot of claim 1, wherein the spring 
clement is formed from a carbon fiber composite material. 

8. The prosthetic foot of claim 1, wherein the spring 
element comprises upper and lower relatively flat members 
secured at their center by a fastener and separated at their 
ends. 

9. The prosthetic foot of claim 8, wherein the upper 
member is substantially curvilinear concave upward and the 
lower member is substantially curvilinear concave down- 
ward. 

10. The prosthetic fool of claim 1, ftinher comprising at 
least one opening extending through the ankle block adapted 
to receive a stiffener for adjusting the spring characteristics 
of the prosthetic foot. 

11. The prosthetic foot of claim 10, wherein a first and 
second cylindrical opening extend through the ankle block, 
the first opening being positioned in a fore portion of the 
block and the second opening being positioned in a rear 
portion of the block. 

12. The prosthetic foot of claim 11, wherein tubular 
stiffeners are placed in the openings. 

13. A prosthetic foot, comprising: 
an upper plate; 

a lower plate; 

a compressible layer formed of a compressible material, 
said compressible material connected to the upper plate 
and the lower plate and separating the upper plate from 
the lower plate; and 

a spring element made of resilient material embedded 
within the compressible layer and spaced apart from the 
upper and lower plates, said spring element configured 
to store and release walking energy during ambulation 
of said prosthetic foot. 

14. The prosthetic foot of claim 13, wherein the lower 
plate has a length and a width roughly equal to the approxi- 
mate length and width of an amputated foot. 

15. The prosthetic foot of claim 13, wherein the upper 
plate and the compressible layer have approximately the 
same cross-sectional size. 

16. The prosthetic fool of claim 13, wherein the com- 
pressible layer is made of a foam material having a density 
between about 150 and 1500 kg/m^. 

17. The prosthetic foot of claim 13, wherein the spring 
element is made of a carbon fiber material. 

18. The prosthetic foot of claim 13, wherein the spring 
element has a subsiantially double wishbone shape. 

19. The prosthetic foot of claim 13, wherein the spring 
element is a plate-like member with a curvilinear concave 
downward shape. 

20. The prosthetic foot of claim 13, wherein the spring 
element is a foam material having a density between about 
150 and 1500 kg/m^ 

21. The prosthetic foot of claim 13, wherein the spring 
element is a tubular member inserted into the compressible 
layer. 

22. A prosthetic fool including a resilient ankle block for 
separably mounting between a fool plate and an ankle plate 
of a prosthetic fool for providing resilient kinematic support 
to an amputee relative to a ground surface, the ankle block 
comprising a block of resilient material and at least one 
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spring insert embedded within the block of resilient 
material, said spring insert configured to store and release 
walking energy during ambulation of said prosthetic foot, 
said ankle block being substantially the sole means of 
connection and support between said foot plate and said 
ankle plate. 

23. The prosthetic foot of claim 22, wherein the block of 
resilient material is an expanded polyurcthanc having a 
density between about 150 and 1500 kg/\P. 

24. The prosthetic foot of claim 23, wherein the expanded 
polyurethane has a density of about 500 kg/m^. 

25. The prosthetic foot of claim 22, wherein a first spring 
insert comprises upper and lower substantially plaie-like 
members joined at their center and separated at their ends, 
the upper member being substantially curvilinear concave 
upward and the lower member being substantially curvilin- 
ear concave downward. 

26. The prosthetic foot of claim 25. wherein the first 
spring insert is made of a carbon fiber composite material. 

27. The prosthetic foot of claim 25, wherein a second 
spring insert comprises at least one tubular stiffcncr. 

28. The prosthetic foot of claim 27, wherein a first tubular 
stiffencr is positioned in a fore region of the ankle block 
between the upper and lower substantially plate-like 
members, and a second tubular stiffcncr is positioned in an 
aft region of the ankle block between the upper and lower 
substantially plate-like members. 

29. The prosthetic foot of claim 28, wherein the first and 
second tubular stiffcncrs arc made of an expanded polyurc- 
thanc having a density between about 150 and 1500 kg/m', 

30. Hie prosthetic foot of claim 29, wherein the first and 
second tubular stifi^encrs arc made of an expanded polyure- 
thane having a density of between about 250 and 750 kg/m'. 

31. The prosthetic foot of claim 22. wherein the at least 
one spring element is a plate -like member having a substan- 
tially curvilinear downward shape. 

32. A prosthetic foot, comprising: 

a support plate made of a resilient material and having a 
length approximately equal to the length of a human 
foot; 

a layer of compressible material mounted to the support 
plate; and 

a spring element comprising at least one substantially 
plate-like member embedded within the layer of com- 
pressible material, said plale-like member configured to 
store and release walking energy. 

33. The prosthetic foot of claim 32, wherein the layer of 
compressible material is foam. 

34. The prosthetic foot of claim 32, wherein the spring 
element is made of a carbon fiber material, 

35. The prosthetic fool of claim 32, wherein the spring 
element comprises a pair of substantially plate-like 
members, the plate -like members being secured at their 
center and separated at their ends. 

36. The prosthetic foot of claim 32, wherein the at least 
one substantially plate-like member has a curvilinear con- 
cave downward shape. 

37. A prosthetic foot for attaching to a socket or pylon of 
a lower-limb amputee, comprising: 

a foot plate element having a length approximately equal 
to the length of a human foot, the foot plate element 
comprising a resilient material capable of flexing along 
its length; 

an ankle plate element having a length substantially 

shorter than the foot plate element; 
an ankle block comprising a relatively soft, compressible 

material sandwiched between the ankle plate element 
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and the foot plate element, the ankle block providing 
energy storage and support and connection between the 
fool plate element and the ankle plate element; and 

^ a spring clement embedded within the ankle block for 
providing additional energy storage and support, said 
spring element being formed fi^om a carbon fiber com- 
posite material; 

whereby the foot plate clement, the ankle block, and the 
spring element flex in a cooperative manner to provide 
substantially smooth and continuous rollover transition 
from heel-strike to toe-off. 

38. A prosthetic fool for attaching to a socket or pylon of 
15 a lower-limb amputee, comprising: 

a foot plate element having a length approximately equal 
to the length of a human fool, the foot plate clement 
comprising a resilient material capable of flexing along 

an ankle plate element having a length substantially 
shorter than the foot plate element; 

an ankle block comprising a relatively soft, compressible 
^ material sandwiched between the ankle plate element 
and the foot plate clement, the ankle block providing 
energy storage and support and connection between the 
foot plate element and the ankle plate element; and 

a spring element embedded within the ankle block for 
providing additional energy storage and support, said 
spring element comprising upper and lower relatively 
flat members secured at their center by a fastener and 
separated at their ends; 

35 whereby the foot plate clement, the ankle block, and the 
spring element flex in a cooperative manner to provide 
substantially smooth and continuous rollover transition 
from heel-strike to toe-off, 
^ 39. The prosthetic fool of claim 38, wherein the upper 
member is substantiaUy curvilinear concave upward and the 
lower member Ls substantially curvilinear concave down- 
ward. 

40. A prosthetic foot, comprising: 
an upper plate; 

a lower plate; 

a compressible layer connected to the upper plate and the 
lower plate and separating the upper plate from the 
lower plate; and 

a spring element made of resilient material embedded 
within the compressible layer and spaced apart from the 
upper and lower plates, said spring element being made 
55 of a carbon fiber material. 

41. A prosthetic foot, comprising: 
an upper plate; 

a lower plate; 

^ a compressible layer connected to the upper plate and the 

lower plate and separating the upper plate from the 

lower plate; and 
a spring element made of resilient material embedded 
65 within the compressible layer and spaced apart from the 

upper and lower plates, said spring element having a 

substantially double wishbone shape. 
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42. A prosthetic foot, comprising: 
an upper plate; 

a lower plate; 

a compressible layer connected to .he upper plate and the ^ 
lower plate and separating the upper plate from the 
lower plate; and 

an energy storing spring element made of resilient mate- 
rial embedded within the compressible layer and 
spaced apart from the upper and lower plates, said jq 
spring element comprising a plate-like member with a 
curvilinear concave downward shape. 

43. A prosthetic foot including a resilient ankle block for 
separably mounting between a foot plate and an ankle plate 

of a prosthetic fool for providing resilient kinematic support 15 
to an amputee relative to a ground surface, the ankle block 
comprising a block of resilient material and at least one 
spring insert embedded within the block of resilient 
material, wherein a first spring insert comprises upper and 
lower substantially plate-like members joined at their center 20 
and separated at their ends, the upper member being sub- 
stantially curvilinear concave upward and the lower member 
being substantially curvilinear concave downward. 

44. The prosthetic foot of claim 43, wherein the first 
spring insert is made of a carbon fiber composite material. 25 

45. The prosthetic foot of claim 43, wherein a second 
spring insert comprises at least one tubular stiSener 

46. The prosthetic foot of claim 45, wherein a first tubular 
stiffencr is positioned in a fore region of the ankle block 
between the upper and lower substantially plate-Hkc 30 
members, and a second tubular stiffcner is positioned in an 
aft region of the ankle block between the upper and lower 
substantially plate -like members. 

47. The prosthetic foot of claim 46, wherein the first and 
second tubular stiffencrs are made of an expanded polyure- 35 
thane having a density between about 150 and 1500 kg/m^. 

48. The prosthetic foot of claim 47, wherein the first and 
second tubular stiflfeners are made of an expanded polyurc- 
thane having a density of between about 250 and 750 kg/m^. 

49. A prosthetic foot including a resilient ankle block for 40 
separably mounting between a foot plate and an ankle plate 

of a prosthetic foot for providing resilient kinematic support 
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to an amputee relative to a ground surface, the ankJe block 
comprising a block of resilient material and at least one 
energy storing spring insert embedded within the block of 
resilient material, wherein the at least one spring insert is a 
plate-like member having a substantially curvilinear down- 
ward shape. 

50. A prosthetic foot, comprising: 

a support plate made of a resilient material and having a 
length approximately equal to the length of a human 
foot; 

a layer of compressible material mounted to the support 
plate; and 

a spring element comprising at least one substantially 
• plate-like member embedded within the layer of com- 
pressible material, said spring element being made of a 
carbon fiber material. 

51. A prosthetic foot, comprising: 

a support plate made of a resilient material and having a 
length approximately equal to the length of a human 
foot; 

a layer of compressible material mounted to the support 
plate; and 

a spring element comprising a pair of substantially plate- 
like members being secured at their center and sepa- 
rated at their ends, at least one of said plate-like 
members being embedded within the layer of com- 
pressible material. 

52. A prosthetic foot, comprising: 

a support plate made of a resilient material and having a 
length approximately equal to the length of a human 
foot; 

a layer of compressible material mounted to the support 
plate; and 

a spring element comprising at least one substantially 
plate-like member embedded within the layer of com- 
pressible material and having a curvilinear concave 
downward shape. 
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[57] ABSTRACT 

A prosthetic ankle joint includes a first joint structure having 
a foot attachment plate connecting a pair of spaced apart 
parallel fins lying in a sagital plane. A second joint structure 
having a pylon attachment plate is connected to a support 
block positioned between the fins of the first joint structure. 
The first and second joint stnicmres are connected to each 
other by a spherical bearing that allows the joint structures 
to pivot with respect to each other about three orthogonal 
axes. The spherical bearing is connected to the first joint 
structure through an axle that extends through an aperture in 
the bearing. A rod extending from the bearing is threaded 
into a bore formed in the support block of the second joint 
structure. Dorsiflcxion and plantar flexion cushions are 
positioned between the support block and respective sur- 
faces of the first joint structure to resist pivotal dorsiflexal 
and plantar flcxal pivotal movement of the ankle joint. 
Lateral cushions are positioned on opposite surfaces of the 
support block between the support block and respective fins 
to resist coronal and transverse pivotal movements of the 
ankle joint. 

23 Claims, 6 Drawing Sheets 
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PROSTHETIC ANKLE JOTST FOR 
PIVOTALLY CONNECTING A RESIDUAL 
LIMB TO A PROSTHETIC FOOT 

5 

TECHNICAL FIELD 

The present invention relates to a prosthetic ankle joint, 
and more particulariy. to a prosthetic ankle joint having 
flexion charaaeristics that vary as a function of the flexure 
position of the ankle joint. 

BACKGROUND OF THE INVENTION 

Individuals who lose all or part of a leg have a residual 
limb to which a prosthetic foot is often attached through an 
elongated pylon. The attachment between the lower end of 
the pylon and the prosthetic fool approximates an ankle 
joint However, in the past, pylons have been rigidly 
attached to prosthetic feet, thus creating a rigid ankle joint. ^ 
Rigid ankle joints have typically relied on a cushion in the 
heel of the prosthetic foot to allow relative axial motion 
between the residual limb and the ground. However, this 
approach has proven to be inadequate because it makes the 
individual walk awkwardly, and prone to stumble when ^ 
standing on an incline. 

The basic problem with a rigid ankle joint is that it does 
not mimic a real ankle. As a result, prosthetic designers have 
developed pivotal ankle joints. Such ankle joints typically 
provide some motion in three orthogonal planes, namely the 
sagital, coronal, and transverse planes. A transverse plane is 
orthogonal to the longitudinal axis of the residual limb, and 
movement in the transverse plane is known as transverse 
adduction or abduction of the foot, or transverse rotation. A 
sagital plane is a vertical front-to-back plane, and movement 
in the sagital plane is known as either dorsiflexion in which 
the toe pivots upwardly or plantar flexion in which the toe 
pivots downwardly. The coronal plane is a vertical plane 
orthogonal to the transverse, and rotation in the coronal 
plane is coronal rotation, i.e.. inversion or cvcrsion of the ^ 
foot. 

Some of these pivotal ankles allow for these motions by 
attaching the residual limb to the prosthetic foot with a 
resilient material. The resilient material allows the residual 
limb to move relative to the prosthetic foot in any direction. 43 
One problem with such ankles is that they do not allow Uie 
resistance of the ankle to dorsiflexion and plantar flexion to 
be independently adjusted. It is known that it is desirable for 
the ankle to have greater resistance to dorsiflexion than to 
plantar flexion so the individual using it will have a natural 50 
walking gait Thus, these ankles are inadequate because they 
make the individual walk awkwardly. 

Some other pivotal ankles do allow independent adjust- 
ment of the resistance to plantar flexion and dorsiflexion. An 
example of such an ankle is U.S. Pat. No. 4,645,508, to 35 
Shorter ei al. This ankle has a residual limb mounted 
vertically on a ball and socket joint having an outer sleeve 
which skirts the front and both sides of the shank of the ball. 
A ring of resilient material surrounds the shank of the ball 
and is fitted underneath the sleeve. During dorsiflexion the 60 
sleeve restricts expansion of the resilient material as it is 
compressed by the socket, thus providing resistance to 
dorsiflexion. During plantar flexion the resilient material is 
free to expand while it is compressed by the socket, thus 
providing less resistance to plantar flexion. One problem 65 
with this ankle is that because it uses the same ring for 
dorsiflexion and plantar flexion, it can only provide gross 
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adjustments in resistance. For the individual to have a 
natural walking gait, fine adjustments arc necessary. 

Other pivotal ankles can provide finer adjustments by 
using different resilient materials for dorsiflexion and plantar 
flexion. An example of such an ankle is U.S. Pat No. 
3.851,337, to Prahl. The ankle disclosed in the Prahl patent 
has a shaft extending along the longitudinal axis of a residual 
limb which terminates in an eye socket. The eye socket is 
pressed onto a spherical bearing which is fitted on an axle 
mounted in a prosthetic foot. A second spherical bearing is 
fitted about the shaft of the residual limb, and a second eye 
socket is pressed onto the second bearing and is connected 
to a shaft extending toward the toe of the prosthetic foot. The 
shaft fits through a third spherical bearing and extends into 
a cylinder. Inside the cylinder both dorsiflexion and plantar 
flexion are independently resisted by separate cushions of 
resilient material. By adjusting the resilience of these two 
cushions, resistance to plantar flexion and dorsiflexion can 
be independently controlled. However, this ankle requires a 
complex linkage of sockets and bearings in order to do this 
while keeping the residual limb mounted vertically over the 
joint. 

Therefore, there is a need in the art for a prosthetic ankle 
joint of simple construction which provides greater resis- 
tance to dorsiflexion than to plantar flexion. 

One object of this invention is to allow an individual who 
has a residual limb to have a stable and natural walking gait. 

Another object is to provide a prosthetic ankle joint 
which, like a natural ankle, allows dorsiflexion, plantar 
flexion, coronal rotation, and transverse rotation. 

A further object is to provide a prosthetic ankle joint of 
simple construction. 

Still another object is to provide a prosthetic ankle joint 
which is reliable. 

A still further object is to provide a prosthetic ankle joint 
with greater resistance to dorsiflexion than to plantar flexion. 

Additional objects, advantages and novel features of the 
invention will be set forth in part in the description which 
follows, and in part will become apparent to those skilled in 
the art upon examination of the following, or may be learned 
by practice of the invention. The objects and advantages of 
the invention may be realized and attained by means of the 
instm mentalities and combinations particularly pointed out 
in the appended claims. 

SUMMARY OF THE INVENTION 

The inventive prosthetic ankle joint includes first and 
second joint structures connected to each other by a spheri- 
cal bearing. The joint structures include respective attach- 
ment members dial allow the joint structures to be secured 
between a pylon and a prostiietic foot. The first joint 
structure preferably includes first and second spaced apart 
fins each of which substantially lie in a sagital plane. A 
lateral resuaining member attached to die second joint 
stmcture has a lateral restraining member positioned 
between die first and second fins. The spherical bearing 
pivotally interconnects the joint structures so tiiat they pivot 
witii respect to each about three orthogonal axes. A dorsi- 
flexion cushion is positioned between the first and second 
joint structures at a location causing the dorsiflexion cushion 
to be compressed during dorsiflexal pivotal movement of the 
ankle joint Similariy. a plantar flexion cushion is positioned 
between the first and second joint stmctures ai a location 
causing Uie plantar flexion cushion to be compressed during 
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plantar flexal pivotal movement of the anldc joint. A stop 
cushion may also be positioned between the first and second 
joint structures at a location causing the stop cushion to be 
compressed during one of cither dorsiflexal pivotal move- 
ment or plantar flexal pivotal movement of the ankle joint 5 
and acdng in parallel with the primary cushion. The stop 
cushion is thirmer and made of a stiffcr material than the 
primary cushion. As a result, the torsional spring constant of 
the prosthetic ankle is greater as the stop cushion is com- 
pressed. A lateral cushion is positioned between the lateral lo 
restraining member and each of the first and second fins so 
that the lateral cushions are compressed during coronalfiexal 
and transversfiexal pivotal movement of the ankle joint in 
opposite directions. The pivot point of the spherical bearing 
is preferably offset from the location where the user' s weight i s 
is applied to the ankle joint so that the user is supported by 
both a cushion and the spherical bearing. As a result, the 
cushion not only provides resistance to dorsiflexion or 
plantar flexion, but it also cushions the downward force 
exerted on the ankle by the weight of Ihe user. One of the 20 
joint structures may also include a plate lying in a transverse 
plane having a v-shaped notch extending inwardly from a 
transverse rear edge of the plate. A restraining member 
projecting into the notch from the other joint structure 
causes the restraining member to move into a narrower 25 
portion of the notch during plantar flexal movement to 
progressively stabilize the ankle joint in the coronal plane as 
the ankle joint pivots in plantar flexion. The dorsiflexion 
cushion is preferably spaced from the pivot axis of the 
bearing by a distance that is different than the spacing 30 
between the plantar flexion cushion and the bearing. As a 
result, the torsional spring constant of the prosthetic ankle in 
dorsiflexion may be different from the torsional spring 
constant of the prosthetic ankle in plantar flexion using the 
stone material for the dorsiflexion and plantar flexion cush- 3S 
tons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the present invention will 
become better understood with regard to the following ^ 
description, appended claims, and accompanying drawings 
where: 

FIG. 1 is a side elevational view of a walking system 
using the inventive prosthetic ankle joint 

FIG. 2 is an exploded isometric view of a preferred 
embodiment of the inventive prosthetic ankle joint. 

FIG. 3 is an isometric view of the prosthetic ankle joint of 
FIG. 1 shown in assembled configuration. 

FIGS. 4(fl) and {b) are rear elevational views of the 50 
prosthetic ankle joint of FIG. 1 showing how the ankle joint 
accommodates coronal rotation. 

FIGS. 4(c) and (d) arc side elevational views of the 
prosthetic ankle joint of FIG. 1 showing plantar flexion and 
dorsiflexion. 

FIGS. 4(c) and (/) are top plan views of the prosthetic 
ankle joint of FIG. 1 showing how the anlde joint accom- 
modates transverse rotation. 

FIG. 5 is an isometric view of another embodiment of the 
inventive prosthetic ankle joint having coronal rotation 
linuls that vaiy as a function of plantar flexion and dorsi- 
flexion position. 

RG. 6 is an isometric view of still another embodiment of 
the inventive prosthetic ankle joint having stop cushions of 65 
less thickness and greater material stiffness than the primary 
cushion. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

A prosthetic ankle joint 1 is shown in use in FIG. 1 
attached to the lower end of a prosthetic pylon 80 and 
attached to prosthedc foot 90. The prosthetic ankle joint is 
used by individuals who have lost all or part of a leg to 
connect a residual limb to a prosthetic foot. The prosthetic 
ankle joint 1 is intended to mimic as much as possible the 
motion of a natural ankle by giving an individual who has a 
residual limb a steady and natural gait. This is because it 
allows the natural motions of dorsiflexion, plantar flexion, 
coronal rotation, and transverse rotation. The prosthetic 
ankle joint is also reliable and relatively inexpensive due to 
its relatively simple construction. Further, the prosthetic 
ankle joint provides resistance to plantar flexion and dorsi- 
flexion that is independently adjustable. Fmally. the pros- 
thetic ankle joint provides resistance to coronal rotation that 
is indcpendendy adjustable. 

The preceding advantages are provided using the inven- 
tive ankle joint 1, one embodiment of which is illustrated in 
FIG. 2. The prosthetic ankle joint 1 includes a foot attach- 
ment structure 3 having a pair of restraining fins 5, 7 and a 
support block 9. Respective cushions 5c, 7c are mounted on 
the inner faces of the restraining fins 5. 7 by respective pins 
5b, lb for reasons that are explained in greater detail below. 

The prosthetic ankle joint 1 also includes a pylon attach- 
ment structure 11 having a pylon attachment plate 13 
mounted on a base 15. A pair of cushions 21, 23 are secured 

10 the base 15 to control die flexion characteristics of the 
ankle joint, as explained in greater detail below. The cush- 
ions 21, 23 arc secured to the base 15 by respective pairs of 
pins of which the pins 22 for the cushion 21 are shown in 
FIG. 2. The pins 22 fit into respective bores 17 formed in 
base 15. 

The pylon attachment structure 11 is mounted in the foot 
attachment structure 3 between the resu^ning fins by a 
spherical bearing 35. A threaded stud 39 projects from the 
bearing 35 and is threaded in a threaded bore 31 formed in 
the base 15 of the pylon attachment structure 11. A cylin- 
drical bore 37 formed in the bearing 35 slidably receives a 
pin 33 that is fixedly inserted through a pair of bores 27 
formed in the support block 9 of the foot attachment 
structure 3. The slidable mounting of the bearing 35 on the 
pin 33, coupled with the characteristic movement of the 
spherical bearing 35, allows the pylon attachment structure 

11 to rotate about 3 axes while it is maintained in position 
between the retaining fins 5, 7. 

The ankle joint 1 is shown in its assembled condidon in 
FIG. 3. The cushion 5c is interposed between the restraining 
fin 5 and the base 15. while the other cushion 7c is 
interposed between the restraining fin 7 and the base 15. The 
cushions 5c, 7c thus rcsiliently limit the relative coronal 
rotation movement between the foot attachment structure 3 
and the pylon attachment structure 11 in the coronal plane, 
as shown in FIGS. 4a and 4fe. The cushions 5c, 7c also 
resiliently limit the relative transverse rotation movement 
between the fool attachment structure 3 and the pylon 
attachment structure 11 in the transverse plane as shown in 
FIGS. 4e and 4/ The cushion 21 is interposed between the 
base 15 and the support block 9. The cushion 21 thus 
rcsiliently limits the relative plantar flexion movement 
between the fool attachment structure 3 and the pylon 
attachment structure 11 in the sagital plane as shown in RG. 
4c. The cushion 23 is interposed between the base 15 and a 
fool attachment plate 70 (FIG, 3). The cushion 23 thus 
rcsiliently limits the relative dorsiflexion movement 
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between the attachment structure 3 and the pylon attactment 
structure 11 in the sagital plane as shown in FIG. Ad. Also, 
since the pivot axis of the spherical bearing 35 is offset to the 
rear of where the weight of the user is applied to the pylon 
attachment plate 13» the weight of the user is supported by 5 
both the dorsiflexion cushion 23 and the spherical bearing 
35. As a result, the dorsiflexion cushion 23 cushions the 
downward force exerted by the user during walking in 
addition to providing resistance to dorsiflexal movement. 

As can be seen in FIG. 3, the plantar flexion cushion 21 10 
is a first distance SO from a longitudinal axis of joint 19. 
Dorsiflexion cushion 23 is a second distance 60 from the 
longitudinal axis of joint 19, which is greater than first 
distance 50. The torque resistance of the dorsiflexion cush- 
ion 23 during dorsiflexion is equal to the product of the force [5 
exerted by compression of the dorsiflexion cushion 23 and 
the movement arm 60. Similarly, the torque resistance of the 
plantar flexion cushion 21 is equal to the product of the force . 
exerted by compression of the plantar flexion cushion 21 and 
the movement arm 50. Assuming that the spring constants of 20 
the cushions 21, 23 are the same, the resistances to doni- 
flexion and plantar flexion can be different from each other 
by simply making the movement arms SO, 60 different from 
each other. 

The angular spring constant K; i.e., the ratio of torque T 25 
to angular movement 6 can also be calculated. The torque T 
is given by the formula: 



T=5Fr 



(I) 



where F is the force exerted by the compression of the 
cushion 21, 23 and r is the movement arm 50, 60, respec- 
tively. The force F exerted by the compression of the 
cushions 21, 23 is given by the formula: 



30 



F^Kx 



(2) 



35 



where K is the spring constant of the cushions and x is the 
compression distance of the cushions 21, 23. Substituting 
the force F from equation (2) into equation (1) yields: 



T^Kxr 



For small angular movements 9. the angle 9 is equal to sin 
0. Using this approximation, the cushion compression dis- 
tance x can be related to the angular movement 0 by the 
formula: 



31=1:6 



40 



(3) 
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(4) 



It is thus seen that the angular spring constant K' is equal to 
the product of the spring constant K for the cushions 21, 23 
and the square of the movement arm 50, 60. respectively. 

Thus, the torque resistance of dorsiflexion cushion 23 
during dorsiflexion, and of plantar flexion cushion 21 during 
plantar flexion, will increase as a function of the square of 
the distance from either cushion to the longitudinal axis of 
the pin 33. In one version of this embodiment, second 
distance 60 is greater than first distance 50, thus making 
resistance during dorsiflexion greater than resistance during 
plantar flexion. It will be understood, however, that the 
relative torque resistances during plantar flexion and dorsi- 
flexion can also be varied by using cushions 21, 23 having 
either different spring constants, different surface areas, 
different thicknesses, or all three. 

In another embodiment of the invention illustrated in FIG. 
5. the pylon attachment plate 13' has a coronal stabilization 
notch 13a formed thereon which progressively narrows as it 
extends into pylon attachment plate 13. In addition, the 
support block 9' has a coronal stabilization boss 9a project- 
ing from the support block 9 into the coronal stabilization 
notch 13a. The coronal stabilization boss 9a is sunoundcd 
by a bearing %, 

The coronal stabilization bearing % acts in conjunction 
with the coronal stabilization notch 13a during plantar 
flexion. As the coronal stabilization boss 9a moves progres- 
sively into the notch 13a, coronalflexion is progressively 
limited. At full plantar flexion, coronal flexion is substan- 
tially restricted to stabilize the walking gait of the individual 
using the prosthetic ankle joint. 

In still another embodiment of the invention illustrated in 
FIG. 6, two pairs of cushions 21a. lib, and 23o, 23f) are 
secured to the base 15 to conuol the flexion characteristics 
of the ankle, joint. These cushions perform the same ftinc- 
tions as cushions 21 and 23 discussed above. In addition, the 
cushion lib is thinner and has a greater spring constant than 
the cushion 21fl. Similarly, the cushion 23fc is thinner and 
has a greater spring constant than the cushion 23fl. As a 
result, the force exened by the compression of cushions 21a, 
21fc and 23a, 23fc during dorsiflexion and plantar flexion 
increases when cushions lib, 73b begin to compress. This 
prevents degradation of cushions 21a, 23a from over-com- 
pression. For example, if the prosthetic ankle joint is in a 
state of dorsiflexion where the cushion 23a is compressed 
but the cushion Hb is not. then the force F exerted by the 
compression of the cushion 23o is given by the formula: 



(9) 



Substituting the cushion compression distance x from for- 
mula (4) into formula (3) yields: 

As mentioned above, the angular spring constant IC is equal 
to the ratio of Torque to angular movement, i.e.; 



50 



(6) 



Dividing torque T by angular movement 6 in formula (5) 
yields: 



By setting the ratio of T/6 in formula (6) to the ratio of T/9 
in formula (7) yields: 



where K230 is the spring constant of the cushion 23a and 
Xj3^ is the compression distance of the cushion 23a. If the 
cushion 23fc is then also compressed, the force F is given by 
(5) the formula: 

F^K^^^-^K^,,^, (10) 

where Kjj^, is the spring constant of the cushion lib and 
3^236 *s compression distance of the cushion 23t. Thus, 
the force F increases as the cushion 23fc begins to compress, 
preventing over-compression of the cushion 23a 

The spring constants of cushions l\b, 23b can be made 
greater than the spring constants of cushions 21a, 23a by 
selecting a different material for the cushions with a different 
modulus of elasticity, by changing the surface area of the 
65 cushions, or by changing the thickness of the cushions. This 
is because the spring constant of the cushion 236, for 
(8) example, is given by the formula; 



55 



60 



(7) 
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where E is the modulus of elasticity. A is the surface area, 
and 1 is the thickness of the cushion 73b. Thus, for the ^ 
cushion 73b to have a greater spring constant than the 
cushion 73a, the modulus of elasticity E or the surface area 
A of the cushion 73b can be increased* or the thickness the 
cushion 73b can be decreased 

As discussed above, the thickness 1 of cushions 2lb, 23b 
is less than the thickness 1 of cushions 21a, 23a, Preferably, 
the modulus of elasticity E is also selected to be greater for 
cushions 216, 73b than for cushions 21a, 23a. As a result, 
the spring constants of cushions 216, 23b arc greater than the 
spring constants for cushions 21o. 23a. allowing cushions 
21fl, 23fl to deform more than cushions 21fc, 23b. This has 15 
the dual benefits of providing cushions 21a, 23a which can 
deform to accommodate the majority of plantar flexural and 
dorsiflexural motion, respectively, while also providing 
cushions 216. 236 which carry the majority of the force and 
keep cushions 21a, 23a from over-compression and result- 20 
ing degradation. This, in turn, makes the prosthetic ankle 
joint more reliable. 

The ankle 1 can be fabricated from any suitable material, 
such as aluminum, except that the pins 76, 56, 22. and 156 
arc preferably made of DELRIhT™ (ACETAL). The cush- 
ions 5c, 7c, cushions 21. 21a, 216. and cushions 23. 23a. 236 
can be made of any resilient material. 

Although the present invention has been described in 
detail, with reference to certain preferred versions, other 
versions are possible. For example, although the restraining 
fins 5, 7 are shown as being a part of the foot attachment 
stmcture 3, they could instead be a part of the pylon 
attachment structure 11. In this case, the restraining fins 5. 
7 would project downwardly from the foot attachment plate 
70 which would now be attached to the pylon, and the pylon 
attachment plate 13 would be attached to the fool. Therefore. 35 
the spirit and scope of the appended claims should not be 
limited to the description of the preferred versions contained 
herein. 

I claim: 

1. A prosthetic ankle joint, comprising: 

a first joint structure having a first attachment member 
attachable to one of either a pylon or a prosthetic foot 
to receive a force therefrom acting at a first location on 
the first attachment member, the first joint suuciure 
having first and second spaced apart fins each of which ^ 
substantially lie in a sagital plane; 

a second joint structure having a second attachment 
member attachable to the other of either a pylon or a 
prosthetic foot to receive a force therefrom acting at a jp 
second location on the second attachment member, the 
second joint structure having a lateral restraining mem- 
ber positioned between the first and second fins; 

a spherical bearing intercoimecting the first joint structure 
and the second joint structure so that the first and 55 
second joint structures pivot with respect to each other 
in dorsiflexion. plantar Qexion, coronal rotation, and 
transverse rotation; the pivot point of the spherical 
bearing being offset from the first and second locations 
in a direction lying in transverse and sagital planes so 
that a compressive : force applied between the first and 
second locations imparts a dorsiflexal or plantar fiexal 
torque about the pivot axis; 

a dorsifiexion cushion positioned between the first and 
second joint structures at a location causing the dorsi- 65 
fiexion cushion to be compressed during dorsiflexal 
pivotal movement of the ankle joint; 
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a plantar flexion cushion positioned between the first and 
second joint structures at a location causing the plantar 
flexion cushion to be compressed during plantar flexaJ 
pivotal movement of the ankle joint; and 

a lateral cushion positioned between the lateral restraining 
member and each of the first and second fins so that the 
lateral cushions are compressed during coronal rotation 
and transverse rotation pivotal movement of the ankle 
joint in opposite directions. 

2. The prosthetic ankle joint of claim 1 wherein the 
spherical bearing is connected to the lateral restraining 
member between the fins of the first joint strucmre, and 
wherein the dorsiflexion. plantar flexion, and lateral cush- 
ions are positioned adjacent respective surfaces of the lateral 
resu^ning member whereby the lateral restraining member 
serves the functions of both connecting the second joint 
structure to the spherical bearing and resu^ning dorsiflexal, 
plantar flexal, coronal rotational, and transverse rotational 
pivotal movement of the second joint structure relative to the 
first joint suucture. 

3. The prosthetic ankle joint of claim 2 wherein the second 
attachment member comprises an attachment flange 
mounted on the lateral restraining member for attaching the 
second joint structure to a prosthetic pylon. 

4. The prosthetic ankle joint of claim 1 wherein the first 
attachment member comprises a prosthetic foot attachment 
plate for attaching the first joint structure to a prosthetic foot, 
and wherein the second attachment member comprises a 
prosthetic pylon attachment plate for attaching the second 
joint structure to a prosthetic pylon. 

5. The prosthetic ankle joint of claim 1 wherein one of the 
joint structures includes a plate lying in a transverse plane, 
the plate having a v- shaped notch extending inwardly from 
a transverse edge of the plate, and wherein the other of the 
joint structures includes a restraining member projecting 
into the notch so that plantar flexal pivotal movement causes 
the restraining member to move into a narrower portion of 
the notch whereby the anlde joint is progressively stabilized 
in the coronal plane as the ankle joint progressively pivots 
in the plantar flexal direction. 

6. The prosthetic ankle joint of claim 1 wherein the 
spherical bearing includes a spherical bearing member hav- 
ing an aperture extending therethrough and a rod projecting 
from the spherical bearing member generally perpendicular 
to the axis of the aperture, wherein the spherical bearing is 
attached to the first joint structure by an axle attached to the 
first joint structure and extending through the aperture of the 
spherical bearing, and wherein the rod of the spherical 
bearing is attached to the second joint structure, 

7. A prosthetic ankle joint, comprising: 

a first joint structure attachable to one of cither a pylon or 
a prosthetic foot; 

a second joint su^cture attachable to the other of either a 
pylon or a prosthetic foot; 

a bearing pivotally interconnecting the first joint structure 
and the second joint structure so that the first and 
second joint structures can pivot about a pivot axis in 
dorsiflexion and plantar flexion; 

a dorsiflexion cushion positioried between the first and 
second joint structures at a first location causing the 
dorsiflexion cushion to be compressed during dorsi- 
flexal pivotal movement of the ankle joint, the first 
location being spaced from the pivot axis by a first 
distance; and 

a plantar flexion cushion positioned between the first and 
second joint structures at a second location causing the 
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plantar flexion cushion to be compressed during plantar 
flexal pivotal movement of the ankle joint, the second 
location being spaced from the pivot axis by a second 
distance that is different from the first distance so that 
the torsional spring constant of the prosthetic ankle in 5 
dorsiflexion may be different from the torsional spring 
constant of the prosthedc ankle in plantar flexion using 
the same material for the dorsiflexion and plantar 
flexion cushions, the first and second locations both 
being offset in either a forward or a rearward direction lo 
past the pivot point of the bearing so that a compressive 
force applied between the first and second locations 
imparts a dorsiflexal torque about the pivot axis 
whereby the dorsiflexion cushion is compressed by 
both dorsiflexal pivotal movement between Uie first and is 
second joint structures and by linear movement 
between the first and second joint structures toward 
each other. 

8. The prosthetic ankle joint of claim 7 wherein the 
bearing is a spherical bearing allowing coronal rotational zo 
and transverse rotational pivotal movement of the ankle joint 

as well as dorsiflexal and plantar flexal pivotal movement of 
the ankle joint 

9. The prosthetic ankle joint of claim 7 wherein the first 
joint structure includes a prosthetic foot attachment plate for 25 
attaching the fint joint structure to a prosthetic foot, and 
wherein the second joint structure includes a prosthetic 
pylon attachment plate for attaching the second joint struc- 
njTc to a prosthetic pylon. 

10. The prosthetic ankle joint of claim 7 wherein one of 30 
the joint stmaures includes a plate lying in a transverse 
plane, the plate having a v-shapcd notch extending inwardly 
from a transverse edge of the plate, and wherein the other of 
the joint structures includes a restraining member projecting • 
into the notch so that plantar flcxal pivotal movement causes 35 
the restraining member to move into a narrower portion of 
the notch whereby the ankle joint is progressively stabilized 

in the coronal plane as the ankle joint progressively pivots 
in the plantar fiexal direction. 

11. A prosthetic ankle joint comprising: 40 
a first joint structure attachable lo one of either a pylon or 

a prosthetic foot; 
a second joint structure attachable to the other of either a 
pylon or a prosthetic foot, one of the joint structures 
including a plate lying in a ttansverse plane, the plate 
having a v-sh^ed notch extending inwardly from a 
transverse edge of the plate, and wherein the other of 
the joint structures includes a restraining member pro- 
jecting into the notch so that plantar flexal pivotal 
movement causes the restraining member to move into 
a narrower portion of the notch whereby the ankle joint 
is progressively stabilized in the coronal plane as the 
ankle joint progressively pivots in the plantar flexal 
direction; 

a bearing pivotally interconnecting the first joint structure 
and the second joint structure so that the first and 
second joint structures can pivot about a pivot axis in 
dorsiflexion and plantar flexion; 

a dorsiflexion cushion positioned between the first and go 
second joint structures at a first location causing the 
dorsiflexion cushion to be compressed during dorsi- 
flexal pivotal movement of the ankle joint, the dorsi- 
flexion cushion having a dorsiflexion cushion thickness 
in the direction it is compressed; 

a plantar flexion cushion positioned between the first and 
second joint structures at a second location causing the 
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plantar flexion cushion to be compressed during plantar 
fiexal pivotal movement of the ankle joint, the plantar 
flexion cushion having a plantar flexion cushion thick- 
ness in the direction it is compressed; and 
a stop cushion positioned between the first and second 
joint structures at a location causing the stop cushion to 
be compressed during one of either dorsiflexal pivotal 
movement or plantar flexal pivotal movement and 
having a stop cushion thickness in the direction the stop 
cushion is compressed which is less than one of either 
the dorsiflexion cushion thickness or the plantar flexion 
cushion thickness, respectively, so that the torsional 
spring constant of the prosthetic ankle in one of either 
ctorsiflexion or plantar flexion, respectively, is greater 
when the stop cushion is compressed than when the 
stop cushion is not compressed. 

12. A prosthetic walking system, comprising: 
a prosthetic pylon; 

a prosthetic foot; 

a prosthetic ankle joint connecting the prosthetic pylon to 
the prosthetic foot, the anlde joint, comprising: 

a first joint structure having a first anachment member 
attachable to one of either the prosthetic pylon or the 
prosthetic foot to receive a force therefrom acting at a 
first location on the first attachment member, the first 
joint structure having first and second spaced apart fins 
each of which substantially lie in a sagital plane; 

a second joint stmcture having a second attachment 
member attachable to the other of either the prosthetic 
pylon or the prosthetic foot to receive a force therefrom 
acting at a second location on the second attachment 
member, the second joint structure having a lateral 
restraining member positioned between the first and 
second fins; 

a spherical bearing interconnecting the first joint structure 
and the second joint structure so that the first and 
second joint structures pivot with respect to each other 
in dorsiflexion, plantar flexion, coronal rotation, and 
transverse rotation; the pivot point of the spherical 
bearing being offset in a rearward direction so that a 
compressive force applied between the first and second 
locations imparts a dorsiflexal torque about the pivot 
axis; 

a dorsiflexion cushion positioned between the first and 
second joint structures at a location causing the dorsi- 
flexion cushion to be compressed during dorsiflexal 
pivotal movement of the ankle joint; 

a plantar flexion cushion positioned between the first and 
second joint structures at a location causing the plantar 
flexion cushion to be compressed during plantar flexal 
pivotal movement of the ankle joint; and 

a lateral cushion positioned between the lateral restraining 
member and each of the first and second fins so that the 
lateral cushions arc compressed during coronal rota- 
tional and transverse rotational pivotal movement of 
the ankle joint in opposite directions. 

13. The prosthetic walking system of claim 12 wherein 
the spherical bearing is connected to the lateral restraining 
member between the fins of the first joint structure, and 
wherein the dorsitlcxion, plantar flexion, and lateral cush- 
ions are positioned adjacent respective surfaces of the lateral 
restraining member whereby the lateral restraining member 
serves the functions of both cormccting the second joint 
structure to the spherical bearing and restraining dorsiflexal, 
plantar flexal, coronal rotational, and transvcnc rotational 
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pivota] movement of the second joint structure relative to the 
first joint stnicturc 

14. The prosthetic walking system of claim 13 wherein 
the second attachment member comprises an attachment 
flange mounted on the lateral restraining member for attach- 5 
ing the second joint stniccure to the prosthetic pylon. 

15. The prosthetic walking system of claim 12 wherein 
the first attachment member comprises a prosthetic foot 
attachment plate for attaching the first joint structure to the 
prosthetic foot, and wherein the second attachment member 
comprises a prosthetic pylon attachment plate for attaching 
the second joint structure to the prosthetic pylon. 

16. The prosthetic walking system of claim 12 wherein 
one of the joint structures includes a plate lying in a 
transverse plane, the plate having a v-shaped notch extend- 
ing forwardly from a rear transverse edge of the plate, and 
wherein the other of the joint structures includes a restrain- 
ing member projecting into the notch so that plantar flexal 
pivotal movement causes the restraining member to move 
into a narrower portion of the notch whereby the ankle joint 
is progressively stabilized in the coronal plane as the ankle 
joint progressively pivots in the plantar flexal direction. 

17. A prosthetic walking system, comprising: 
a prosthetic pylon; 

a prosthetic foot; 25 
a prosthetic ankle joint connecting the prosthetic pylon to 

the prosthetic foot, the ankle joint, comprising: 

a first joint structure attachable to one of either the 
prosUictic pylon or the prosthetic foot; 

a second joint structure attachable to the other of either 30 
the pylon or the prosthetic foot; 

a bearing interconnecting the first joint structure and 
the second joint structure so that the first and second 
joint structures can pivot about a pivot axis in 
dor^iflexion and plantar fiexion; 33 

a doni flexion cushion positioned between the first and 
second joint structures at a first location causing the 
dorsiflcxion cushion to be compressed during dorsi- 
flexal pivotal movement of the ankle joint, the first 
location being spaced from the pivot axis by a first 40 
distance; and 

a plantar flexion cushion positioned between the first 
and second joint structures at a second location 

- causing the plantar flexion cushion to be compressed 
during plantar flexal pivotal movement of the ankle a5 
joint, the second location being spaced from the 
pivot axis by a second distance that is different from 
the first distance so that the torsional spring constant 
of the prosthetic ankle in dorsiflcxion may be dif- 
ferent from the torsional spring constant of the 50 
prosthetic ankle in plantar flexion using the same 
materia] for the dorsiflcxion and plantar flexion 
cushions; the pivot point of the spherical bearing 
being offset in either a forward or a rearward direc- 
tion past the first and second locations so that a S3 
compressive force applied between the first and 
second locations imparts a dorsiflcxal torque about 
the pivot axis whereby the dorsiflcxion cushion is 
compressed by both dorsi flexal pivotal movement 
between the first and second joint structures and by 60 
linear movement between the first and second joint 
structures toward each other. 

18. The prosthetic walking system of claim 17 wherein 
the bearing is a spherical bearing allowing coronal rotational 
and transverse rotational pivotal movement of the ankle joint 65 
as well as dorsiflcxal and plantar flexal pivotal movement of 
the ankle joint. 



19. The prosthetic walking system of claim 17 wherein 
the first attachment member comprises a prosthetic foot 
attachment plaie for attaching the first joint structure to the 
prosthetic foot, and wherein the second attachment member 
comprises a prosthetic pylon attachment plate for attaching 
the second joint structure to the prosthetic pylon. 

20. The prosthetic walking system of claim 17 wherein 
one of the joint structures includes a plate lying in a 
transverse plane, the plate having a v-shaped notch extend- 
ing forwardly from a rear transverse edge of the plate, and 
wherein the other of the joint structures includes a restrain- 
ing member projecting into the notch so that plantar flexal 
pivotal movement causes the restraining member to move 
into a narrower portion of the notch whereby the ankle joint 
is progressively stabilized in the coronal plane as the ankle 
joint progressively pivots in the plantar flexal direction. 

21. A prosthetic walking system comprising: 
a prosthetic pylon; 

a prosthetic foot; 

a prosthetic ankle joint connecting the prosthetic pylon to 
the prosthetic foot, the ankle joint, comprising: 
a first joint structure attachable to one of either a pylon 

or a prosthetic foot; 
a second joint structure attachable to the other of either 

a pylon or a prosthetic foot; 
a dorsiflexion cushion positioned between the first and 
second joint structures at a first location causing the 
dorsiflexion cushion to be compressed during dorsi- 
flcxal pivotal movement of the ankle joint, the dor- 
siflcxion cushion having a dorsiflexion cushion 
thickness in the direction it is compressed; 
a plantar flexion cushion positioned between the first 
and second joint structures at a second location 
causing the plantar flexion cushion to be compressed 
during plantar flexal pivotal movement of the ankle 
joint, the plantar flexion cushion having a plantar 
flexion cushion thickness in the direction it is com- 
pressed; 

a bearing pivotally interconnecting the first joint struc- 
ture and the second joint structure so that the first and 
second joint structures can pivot about a pivot axis in 
dorsiflexion and plantar flexion, the pivot point of 
the bearing being offset in a rearward direction so 
that a compressive force applied between the first 
and second locations imparts a dorsiflcxal torque 
about the pivot axis whereby the dorsiflexion cush- 
ion is compressed by both dorsiflcxal pivotal move- 
ment between the first and second joint structures 
and by linear movement between the first and second 
joint structures toward each other, and 

a stop cushion positioned between the first and second 
joint structures at a location causing the stop cushion 
to be compressed during one of cither dorsiflcxal 
pivotal movement or plantar flexal pivotal move- 
ment and having a stop cushion thickness in the 
direction the stop cushion is compressed which is 
less than one of either the dorsiflcxion cushion 
thickness or the plantar flexion cushion thickness, 
respectively, so that the torsional spring constant of 
the prosthetic ankle in one of cither dorsiflexion or 
plantar flexion, respectively, is greater when the stop 
cushion is compressed than when the stop cushion is 
not compressed. 

22. A prosthetic walking system comprising: 
a prosthetic pylon; 

a prosthetic foot; 
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a prosthetic ankle joint connecting the prosthetic pylon to 
the prosthetic foot, the ankle joint, comprising: 
a first joint structure attachable to one of either a pylon 

or a prosthetic foot; 
a second joint structure attachable to the other of either 5 
a pylon or a prosthetic foot, one of the joint struc- 
tures including a plate lying in a transverse plane, the 
plate having a v- shaped notch extending forwardly 
from a rear transverse edge of the plate, and wherein 
the other of the joint structures includes a restraining 10 
member projecting into the notch so that plantar 
flexal pivotal movement causes the restraining mem- 
ber to move into a narrower portion of the notch 
whereby the ankle joint is progressively stabilized in 
the coronal plane as the ankle joint progressively 15 
pivots in the plantar flexal direction; 
a bearing pivotally interconnecting the first joint struc- 
ture and the second joint structure so that the first and 
second joint structures can pivot about a pivot axis in 
dorsiflexion and plantar flexion; 20 
a dorsiflexion cushion positioned between the first and 
second joint structures at a first location causing the 
dorsiflexion cushion to be compressed during dorsi- 
flcxal pivotal movement of the ankle joint, the dor- 
siflexion cushion having a dorsiflexion cushion 25 
thickness in the direction it is compressed; 
a plantar flexion cushion positioned between the first 
and second joint structures at a second location 
causing the plantar flexion cushion to be compressed 
during plantar flexal pivotal movement of the ankle 30 
joint, the plantar flexion cushion having a plantar 
flexion cushion thickness in the direction it is com- 
pressed; and 

a stop cushion positioned between the first and second 
joint structures at a location causing the stop cushion 35 
to be compressed during one of either dorsiflexal 
pivotal movement or plantar flexal pivotal move- 
ment and having a stop cushion thickness in the 
direction the stop cushion is compressed which is 
less than, one of either the dorsiflexion cushion 40 
thickness or the plantar flexion cushion thickness, 
respectively, so that the torsional spring constant of 
the prosthetic ankle in one of either dorsiflexion or 
plantar flexion, respectively, is greater when the stop 
cushion is compressed than when the stop cushion is 45 
not compressed. 

23. A prosthetic walking system comprising: 

a prosthetic pylon; 
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a prosthedc foot; 

a prosthetic ankle joint connecting the prosthetic pylon to 
the prosthetic foot, the ankle joint, comprising: 
a first joint structure at'achable to one of cither a pylon 

or a prosthetic foot; 
a second joint structure attachable to the other of cither 

a pylon or a prosthedc foot; 
a dorsiflexion cushion positioned between the first and 
second joint structures at a first location causing the 
dorsiflexion cushion to be compressed during dorsi- 
flexal pivotal movement of the ankle joint, the dor- 
siflexion cushion having a dorsiflexion cushion 
thickness in the direction it is compressed; 
a plantar flexion cushion positioned between the first 
and second joint structures at a second location 
causing the plantar flexion cushion to be compressed 
during plantar flexal pivotal movement of the ankle 
joint, the plantar flexion cushion having a plantar 
flexion cushion thickness in the direction it is com- 
pressed; 

a Slop cushion positioned between the first and second 
joint structures at a location causing the stop cushion 
to be compressed during one of either dorsiflexal 
pivotal movement or plantar flexal pivotal move- 
ment and having a stop cushion thickness in the 
direction the stop cushion is compressed which is 
less than one of either the dorsiflexion cushion 
thickness or the plantar flexion cushion thickness, 
respectively, so that the torsional spring constant of 
the prosthetic ankle in one of either dorsiflexion or 
plantar flexion, respectively, is greater when the stop 
cushion is compressed than when the stop cushion is 
not compressed; and 

a bearing pivotally interconnecting the first joint struc- 
ture and the second joint strucmre so that the first and 
second joint structures can pivot about a pivot axis in 
dorsiflexion and plantar flexion, the pivot point of 
the bearing being offset in a rearward direction past 
the first and second locations so that a compressive 
force applied between the first and second locations 
imparts a dorsiflexal torque about the pivot axis 
where by the dorsiflexion cushion is compressed by 
both dorsiflexal pivotal movement between the first 
and second joint structures and by linear movcmeni 
between the first and second joint structures toward 
each other. 
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ABSTRACT 



A lightweight foot prosthesis is claimed, having a heel, 
a toe, and a raised instep, the instep including an upper 
surface and a lower surface, an ankle joint connected to 
the foot and capable of motion around each of three 
perpendicular axes, a pair of compression mounts for 
limiting rotation of the ankle joint, and a connector for 
connecting the ankle joint to a leg. 

11 Claims, 9 Drawing Sheets 
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their prostheses to the same loads as the average 

PROSTHEnC POOD AND THREE-WAY ANKLE wearer. 

JOINT Hence it is desired to provide a flexible, durable pros- 
thesis that provides a slighdy damped step and requires 

TECHNICAL FIELD OF THE INVENTION 5 a minimal mass. 

The present invention relates to the foot section of an SUMMARY OF THE INVENTION 

artificial leg and more particularly to a prosthetic foot ^^^^ .^^^^^^^ comprises a foot prosthesis 

specifically designed for gcnatnc users and others who ^^^-^^ ^ light-weight foot portion and an attached 

require less massive prostheses. Still more particularly, Ught-weight ankle portion capable of a desired degree 

the present mvention relates to construction of a pros- rotation around each of three perpendicular axes. As 

thetic foot and ankle jomt adapted to provide a desired jj^j^jj,, the words "prosthesis" or "foot prosthesis" 

degree of mobility without excessive bulk. refer to both the foot portion of a prosthetic foot 

BACKGROUND OF THE INVENTION attached thereto. 

1 5 Simplified construction of the foot and joint mecha- 

Prosthetic feet are well known in the art, and several ^isra enables the present invention to be at least about 

such feet have been designed to accomplish one or more 50% lighter than typical foot prostheses. The foot por- 

objectives. tion includes an integral instep and sole constructed of 

A useful prosthesis must simulate the operation and light weight polymeric material and is designed to pro- 
motion of an anatomical foot. An anatomical foot, in- 20 vide support and flexure without added weight. The 
eluding the ankle joint, is capable of motion around ankle portion includes a single swivel joint that pro- 
three perpendicular axes, as well as varying degrees of vides the desired flexibility and stability without exccs- 
flcxure. Specifically, the anatomical foot and ankle are sive mass. Other objects and advantages of the present 
capable of dorsiflexion^ planiflexion, inversion, ever- invention will appear from the following description. 

sion, and transverse rotation. Dorsiflcxion and plani- 25 r»t>TCir T^rrc/^T>TTrT-T/-iXT r^x? -rarr r\x> AwrrMr-c 

- . . ^t. * J J r*u u 11 BRIEF DESCRIPTION OF THE DRAWINGS 
fiexion comprise the movement up and down of the ball 

of the foot with respect to the heel that occurs during a For a detailed description of a preferred embodiment 

normal forward step. Inversion and eversion are the of the invention, reference will now be made to the 

twisting of the foot around its longitudinal axis, result- accompanying drawings wherein: 

ing in outward and inward tilting of the ankles, respec- 30 FIG. 1 is a perspective view of the prosthetic foot of 

tively. Transverse rotation occurs when the foot rotates present invention wherein the surrounding cosmesis 

with respect to the longitudinal axis of the leg, such as ^ shown in phantom; 

occurs during left and right turns of the body. ^^^G. 2 is a side elevational view of the prosthetic foot 

Known foot prostheses include commercial feet that , . , . ^ * ^ ^ 

arc capable of all three types of rotation. Typically, FIG. 3 is a rear elevauonal view of the prostheuc foot 

however, thcjoints capable of such complicated motion r . , - , • ex. *u . 

require bulky moving parts and are gaerally far too i.^ * elevational view of the prosthetic 

heavy for geriateic or very young patients, or other 'an'exploded view of the prosthetic foot of 

patiente who suffer some degree of muscular weakness. w ca^iuucu view ui ure h'"^"'<=">- 

I jj-^ : • J ■ ui e e . .u • 40 FIG. 1 without the cosmesis; 

In addiuon, .t ^ desirable for a foot prosthes« to be ^ perspective vi^w of an alternate embodi- 

«pable of absorbmg stormg. and releasmg energy, so ^^^^ components shown in FIG. 5; 

that U»e prosth«B returns itself to a relaxed nnflexed piG. 6 is a cross-sectional view taken along lines 6-6 

position when the moving force is removed. Prostheses ^j. pj^, ^ 

that are designed for use during athletic activitiw. such j^^ ., :^ ^ ^^^.^^^^^^ ^^w taken along lines 7-7 

as runnmg or playing basketball, are particularly eifi' -piQ 2* 

cient at energy storage and return, providing a sprmp pj^g sequential side elevational views of 

step. Such energy storage is typically accomphshed by ^j^^ ^^^^ ^ ^j^^ . ^^^^^ gtnd at- 

the inclusion of coil sprmgs or other reciprocatmg ^^^^^ ^^^^ through a step; 

means which absorb energy on flexure and release it 5Q pjQ ^ elevational view of the prosthetic 

efficiently upon removal of the applied force. The ener- f^^^ of FIG. 1 showing inversion of the ankle jomt, with 

gy-storing components that are typically used for effi- eversion of the same joint shown in phantom; 

cient return can contribute significantly to the weight of ipiQ X2 is a cross-sectional, top view of the foot of 

the prosthesis. FIG. l showing left transverse rotation, with right 

In contrast, older, less mobile wearers neither need 55 transverse rotation shown in phantom; 

nor want a high degree of return of stored energy. In- piG. 13 is a side elevational view of a second embodi- 

stead, it is preferable for the prostheses worn by these ment; 

wearers to absorb and dissipate a portion of the energy fig. 14 is a partially cut away elevation of a connec- 

of each flexion. This provides a more stable, cushioned tor affixed to the top of the embodiment of FIG. 13; and 

step, and reduces the shock experienced by both the 60 FIG. 15 is a partially cut away elevation of an altema- 

wearer and the prosthesis at each step. tive connector affixed to the top of the embodiment of 

Finally, it is necessary that a foot prosthesis be strong FIG. 13. 

enough to support its wearer and durable enough to nPTATT Fn HF^rT^TPTTON OF THE 

withstand the stresses of repeated stepping motions ^.R^^^^^^ 

over long periods of time. Conventional prostheses tend 65 INVENTION 

to be designed for maximized strength, at the cost of The present invention comprises a lightweight foot 

added bulk and weight, making them unsuitable for prosthesis, an ankle joint affixed to said foot, said foot 

geriatric or very young wearers, who do not subject capable of motion around each of three perpendicular 
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axes, means for limiting rotation of said ankle joint and 94 and a pair of side portions 96. Shell 90 houses body 
means for connecting said ankle joint to a leg. The foot 50, shaft 54- and compression mounts 56, 58 as described 
portion includes a foot having a dorsal surface and a in detail below. 

plantar surface and comprising a heel, a toe and a raised As best shown in FIGS. 6-7, body 50 includes an 
instep. 5 oblong housing iO in which a swivel joint 61 is trans- 

Referring initially to FIGS. 1-4, the prosthetic foot versely mounted. Swivel joint 61 includes an outer race 
10 of the present invention includes a foot 20, an at- 62 (shown in phantom). Outer race 62 suppons an inner 
tached ankle joint 30, and a connector 40. A prosthetic race 63, Inner race 63 is rolatable within outer race 62 
shin, or leg, which would normally be attached to con- and has a central bore 64 therethrough- Bore 64 is 
nector 40 via a conventional connection is shown in 10 adapted to receive shaft 54, such that shaft 54 lies on the 
phantom. For purposes of discussion, the x, y, and z x axis. Such swivel joints are commonly available, one 
axes, about which the foot is designed to rotate, are being manufactured by Boston Gear, a subsidiary of 
shown and have been assigned as follows. The x axis is Incom International, Inc. of Quincy, Mass. 
perpendictilar to both the leg and foot, passing through Shaft 54 must be capable of withstanding significant 
the sides of the ankle. The y axis is perpendicular to the 15 shear stresses. Therefore, it is preferable that shaft 54 be 
leg and parallel to the foot, and the z axis is parallel to constructed of hardened steel. Specifically, commer- 
the leg. cially available roll pins have been found suitable for 

Still referring to FIGS. 1-4, foot 20 comprises a heel use as shaft 54. 
22, a raised instep 24, and a substantially flat toe portion Still referring to FIGS. 6 and 7, each side face of 
26. Together, the heel, instep and toe 22, 24, 26 form a 20 housing 60 includes an annular bevel 65 centered on 
foot that closely replicates the structure and form of an swivel joint 61. Bevel 65 forms an annular seating face 
anatomical foot. FIG. 1 also shows in phantom a cosme- 66. Parallel to and proximate swivel joint 61 are a for- 
sis 28, which is molded around prosthetic foot 10. Cos- ward transverse support 67 and a rear transverse sup- 
mesis 28 is preferably constructed of foamed polyethyl- port 68. A pair of vertical bores 70, 72 pass through 
cne. 25 body 50, intersecting transverse supports 67 and 68, 

It is preferred that the x axis, which passes through respectively. For structural purposes, it is desired that 
joint 30, be approximately twenty-five percent (25%) of the diameter of supports 67, 68 exceed the diameter of 
the distance from heel 22 to toe 26. In addition, it is bores 70, 72. This ensures that a portion of each support 
preferred that the transition from instep 24 to toe 26 extends beyond the bore, as shown, 
occur at approximately seventy-five percent (75%) of 30 According to the preferred embodiment, housing 60 
the distance from heel 22 to toe 26. is formed by winding unidirectional glass fiber circum- 

Foot portion 20 is preferably constructed of a molded ferentially around the outer race 62 of swivel joint 61, 
copolymer comprising approximately 90% polypropyl- and continuing the winding around and adjacently posi- 
ene and approximately 10% polyethylene. It has been tioned transverse supports 67, 68 to form the oblong 
found that this copolymer combines heat formability 35 housing shape. The glass fiber is then impregnated with 
with a desired degree of strength and impact resistance. an epoxy, to form a rigid, durable body. 
Other materials having these desired physical properties Referring again to FIG. 5, compression mounts 56 
may be substituted for these polymers without depart- and 58 preferably comprise identical cylindrical coil 
ing from the spirit of the invention. Foot portion 20 is springs 75, each having an inner end 76, an outer end 77 
formed by molding a working piece of the copolymer 40 and a coaxial opening 78. Inner ends 76 are sized and 
around a rigid model having a desired shape. It has been shaped to receive the ends of shaft 54, and are sized to 
found advantageous to at least partially evacuate a re- scat on seating face 66 within bevel 65 of housing 60. In 
gion adjacent to the model. This allows the surrounding an alternate embodiment, outer ends 77 may have a 
atmosphere outside the working piece to apply isostatic slightly larger diameter than inner ends 76. 
pressure to the piece, thereby causing it to conform 45 According to a second alternate embodiment, shown 
smoothly and completely to the form. Alternatively in FIG. 5 A, each compression mount 56, 58 comprises a 
foot portion 20 may be injection molded. For lightness, solid resilient annulus 79 having a central bore 80 there- 
the molded underside (not shown) of raised instep 24 through. Central bore 80 corresponds to opening 78 of 
may include a hollow recess, as discussed in greater the preferred embodiment and is sized to receive shaft 
detail below. 50 54. The inner face 82 of each annulus 79 is substantially 

A forward snubber 32 and a rear snubber 34 are inter- flat and is sized to rest on seating face 66. Adjacent 
posed between foot portion 20 and ankle joint 30 as inner face 82 is a bevel 84 which extends to outer cir- 
discussed in greater detail below. Snubbers 32 and 34 cumference 86 and corresponds to bevel 65. The outer 
comprise cylindrical resilient members and are prefera- face of each annulus 79 comprises a concave face 88 and 
bly constructed of rubber, neoprene, high density ure- 55 an adjacent circumferential lip 89. In this second em- 
thane, or the like. A preferred material for the construe- bodiment, annuli 79 are preferably molded of a tough, 
tion of snubbers 32, 34 is a polyurethane sold under the resilient material, such as rubber, neoprene, high density 
registered trademark Flexane ® and manufactured by urethane, or the like. As with snubbers 32, 34, discussed 
ITW Devcon, 30 Endicott St, Danvers, Mass. 01923. above, a preferred material for the construction of resil- 
Referring now to FIG. 5, the components of prosthe- 60 ient compression mounts 56 , 58 is Flexane ® manufac- 
sis 10 are shown in exploded form. Instep 24 includes a tured by Devcon, see address above, 
forward bore 23 and a rear bore 25 therethrough. Instep . Still referring to FIG. 5, connector 40 is affixed to 
24 includes a curved front contact surface 27 and a shell90bymeansof a T-nut 42 and a bolt 44. Connector 
planar rear contact surface 29 on its upper, or dorsal 40 comprises an annular flange 46 adjacent one end of a 
surface. As best shown in FIG. 4, contact surface 27 has 65 coaxial four-sided body 48. The lower face of flange 46 
a radius of curvature r. Ankle joint 30 comprises a body preferably includes a plurality of longitudinal grooves 
50, a shaft 54, a pair of compression mounts 56, 58, and 49 that run from the front to the back of the flange, 
a shell 90. Shell 90 includes a forward cup 92, a rear cup Body 48 includes four curved, faces 51 and a central 
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bore 52 therethrough. Surrounding bore 52 is a recess 

55, which is adapted to receive the head of bolt 44. 
T-nut 42 comprises an internally threaded body 57 and 
an adjacent flange 58, which supports four locking tabs 
51> (not shown). Preferably, T-i:ut 42, connector 40 and ^ 
bolt 44 are made of metal and most preferably of steel. 

Connector 40 is the male component of a standard 
adjustable connection formerly manufactured by the 
Otto Boch Corp. of West Germany and now widely jq 
available. Because of its strength and adjustability, this 
type of connection is presently used for virtually every 
non-flexible prosthetic coimection. 

Referring again to FIG. 7, the relation of shell 90 to 
connector 40, body 60, shaft 54, compression mounts 15 

56, 58 and foot 20 is shown. When ankle joint 30 is 
assembled, shaft 54 passes through bore 64 of inner race 
63 and through coaxial openings 78 of compression 
mounts 56, 58. Inner faces 82 rest on seating faces 66 so 
that the ends of shaft 54 extend through concave faces ^ 
88. Shell 90 is constructed so that side portions 96 of 
shell 90 extend over and encase the ends of shaft 54, 
forming a permanent connection. In surrounding the 
ends of shaft 54, the material of side portions 96 is re- 25 
ceived within the concave faces 88 of compression 
mounts 56, 58. Between shell 90 and the top of body 60 

is a void 98. T-nut 42 is molded into the top of shell 90, 

To affix connector 40 to shell 90, connector 40 is 
seated on T-nut 42 so that the grooves in flange 46 seat 30 
in corresponding grooves in shell 90 and prevent con- 
nector 40 from shifting laterally with respect to shell 90. 
Bolt 44 passes through connector 40 and threadingly 
engages T-nut 42. 

Still referring to FIG. 7, instep 24 of foot 20 includes 
a lower recess 100. Preferably, recess 100 comprises a 
longitudinal groove in instep 24 having side walls 102, 
104 and an inner wall 106. As shown in FIGS. 5 and 4, 
inner wall 106 includes a pair of bores 23, 25. ^ 

According to a preferred embodiment, shell 90 is 
constructed around connector 40, body 60, shaft 54, 
compression mounts 56, 58 in a series of steps that result 
in a strong but relatively light joint. First, shaft 54 is 
placed through inner race 63 and compression mounts 45 
56, 58 are placed over the ends of shaft 54 and seated 
against body 60. If springs 75 arc used as compression 
mounts, a conical liner (not shown) is placed within the 
outer end 77 of each spring, to prevent the flow of 
epoxy into the spaces between the coils of the spring. 

Next, a wax cast is molded around these assembled 
components. The outer surface of the wax cast is 
sculpted to correspond to the desired contours of the 
inner surface of shell 90, including the seats for snubbers 
32, 34 in forward and rear cups 92, 94, and the outer 
contours of void 98. The dorsal s\irface of the wax cast 
is then wrapped in fiberglass. Preferably the fiberglass 
includes the following layers: 

60 
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-continued 



Position 



No. of Weight 

Lnycra of Fiber Type of Glass 



OrienUtion 



N/A 



52 C2. 



N/A* 



No. of 


Weight 






Position Layers 


of Fiber 


Type of Glass 


Orientation 


1 1 


6 oz. 


bidirectional 


front to rear 


2 I 


13 oz. 


uitidirecttoiul 


front to rear 


3 2 


6 oz. 


bidirectioofll 


side to side 


4 2 


26 oz. 


unidirectional 


side to side 


5 2 


26 oz. 


unidirectiona) 


front to rear* 


6 1 


26 oz. 


unidirectioiial 


transverse'* 



65 



•One layer cndi to front of T-out 42 and one puses over T-nut 44. 

"This bycr extends only across the (rmt end 92 of shell 90. 

•••CUs mat is shaped to foriQ the dome of joint 50, which serves to rcstnin T-nut 

42 and provide suppon for a proshetlc leg conaeciton. 

Once all of the desired layers of fiberglass have been 
assembled around the wax cast,. the wrapped cast is 
inserted into a mold, which is then sealed. The mold 
corresponds to the desired outer surface of shell 90, and 
includes grooves 99 running from front to back along 
the uppermost surface. Grooves 99 in shell 90 corre- 
spond to the grooves in flange 46 of connector 40. 
Epoxy is drawn into the void between the cast and the 
mold, thoroughly impregnating the fibers. Once the 
shell has been thus formed, the joint is removed from 
the mold. The wax is melted and removed, leaving the 
joint shown in FIG. 3 and described above. 

By positioning the connection of shell 90 to shaft 55 
at least partially within compression mounts 56, 58, the 
present design allows ankle joint 30 to be narrower 
along the x axis than it would otherwise be. The narrow 
shape substantially reduces the weight of the joint and 
makes it easier for the completed joint to be removed 
from the mold. 

It has been found advantageous to provide ankle joint 
30 in a plurality of sizes. Specifically, it has been found 
that three sizes are adequate to support the normal 
range of necessary prosthesis sizes. The size of swivel 
joint 61 varies according to the desired prosthesis size. 
For example, for a large size prosthesis, central bore 64 
of iimei race 63 has a diameter of 1 inches; a medium 
prosthesis has a bore of 5/16 inches, and a small pros- 
thesis has a bore of i inch. As mentioned above, shaft 54 
is sized to be snugly received within bore 64. Hence, the 
size of shaft 54 also varies according to the joint size. 

It is preferred that the height, or depth, of instep 24 be 
approximately 10-15 percent of the length of foot por- 
tion 20. This allows the cross-section across the y axis of 
instep 24 to be great enough to provide the necessary 
rigidity through the middle of the foot, while maintain- 
ing the X axis (through bore 64) as low as possible. An- 
other advantage of this relation is that it allows the top 
and bottom molds for the cosmesis to be approximately 
equal in volume, making assembly of the prosthesis 
easier. 

Referring now to FIGS. 6 and 7, ankle joint 30 is 
attached to foot 20 by means of a pair of bolts 110. 112. 
Bolts 110, 112 pass through bores 23. 25, respectively 
and engage bores 70, 72, respectively, in body 50. It will 
be understood that bolts 110, 112 could be replaced 
with a single bolt, or other suitable attachment means. It 
is believed advantageous, however, to use at least two 
such attachment means, as it reduces fatigue in the at- 
tachment, even if the attachment(s) develop slack. 

When foot 20 is bolted to body 50, snubber 32 is 
positioned transversely within the forward cup 92 of 
shell 90 so that it rests on front contact surface 27. Snub- 
ber 32 is sized so that its diameter is approximately equal 
to the distance between contact surface 27 of instep 24 
and the underside of forward cup 92 of shell 90. Because 
contact surface 27 is curved from side to side, only the 
center portion of forward snubber 32 contacts surface 
27 in the normal, unfiexed position. 
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Rear snubber 34 is positioned vertically within the nents of joint 30, so as to avoid an excessively bouncy 

rear cup 94 of shell 90 so that it rests on contact surface step. The degree to which energy is dissipated, rather 

29. Snubber 34 is sized so that its length is approxi- than being released, can be controlled by modifying the 

mately equal to the distance between planar surface 29 composition and structure of the resilient components, 

of instep 24 and the underside: of rear cup 94 of shell 90. 5 Referring now to FIG. 10. when the heel of prosthc- 

Referring now to FIG. 8, during dorsiflexion» the leg sis 10 is placed on the ground, a counter-clockwise 

is inclined toward the front of the foot Dorsiflexion moment is applied to the joint, resulting in planiflexion. 

occurs during the "push-off' phase of a normal step, or As in dorsiflexion, shell 90 pivots, this time in a counter- 

during uphill walking. In the prosthesis of the present clockwise direction about the x axis, causing shaft 43 to 

invention, dorsiflexion causes a clockwise (as shown) 10 rotate in swivel joint 61. Rear snubber 34 is compressed 

moment about the x axis to be applied to shell 90. Be- between rear contact surface 29 of instep 24 and rear 

cause shell 90 is affixed to the ends of shaft 54, shaft 54 cup 94 of shell 90, and biases prosthesis 10 to return to 

rotates within swivel mount 61 as shell 90 pivots. Pivot- an unflexed position. In addition, rear snubber 34 pro- 

ing of shell 90 causes front snubber 32 to be compressed vides more shock-absorbing capability. Because it is 

between front contact surface 27 and forward cup 92. 15 oriented so that the compressive forces are applied 

As the degree of flexion increases, snubber 32 deforms along its longitudinal axis, it is capable of compression 

to fully contact the curved contact surface 27. Because through a greater distance than the transversely 

snubber 32 is resilient and is substantially confined mounted front snubber 32. During normal use, a maxi- 

within forward cup 92, it resists compression and biases mum planiflexion about shaft 54 of approximately 10 to 

foot 20 away from forward cup 92. During normal use, 20 30 degrees will occur. Once the foot is planted, as the 

a maximum dorsiflexion about shaft 54 of approximately wearer moves forward the moment is removed and 

10 to 15 degrees will occur. prosthesis 10 returns to an unflexed position before 

For a given prosthesis size, the degree of dorsiflexion commencing the next push-off phase as shown in FIG. 

that can occur depends in part on the durometer, or 10. 

hardness, of forward snubber 32. A desired duromcter 25 Referring now to FIG. 11, the inversion of ankle 30 is 

can be selected by modifying the composition of the shown. In FIG. 11, inversion results in counter-clock- 

snubber material. Methods for altering the durometer of wise rotation of shell 90 with respect to foot 20 about 

a material, and of polymers in general arc well known, the z axis. Eversion is shown in phantom. When ankle 

If, as discussed above, Flcxane ® is used, an additive 30 inverts or everts while the foot is on the ground, a 

marketed under the trademark Flex-Add TM and also 30 corresponding moment is applied to shell 90 via connec- 

manufactured by Devcon, may be used to produce a tor 40. The moment transmitted via shell 90 tends to 

softer polymer. force the two ends of shaft 54 in opposite directions. 

The radius of curvature r of contact surface 27 also Shaft 54 passing through bore 64 causes inner race 63 to 
affects the resistance of joint 30 to dorsiflexion. The swivel within outer race 62. As shaft 54 swivels, each 
smaller the radius of curvature r of contact surface 27, 35 compression mount 56, 58 is compressed between side 
the smaller the area is of surface 27 that contacts snub- portions 96 of shell 90 and housing 60. Because mounts 
ber 32. With a smaller area, greater pressure will be 56, 58 are resilient, they push against bevel 65 and seat- 
applied by a given force, causing greater deformation. ing face 66, and resist swiveling of shaft 54. Before 
A surface 27 having a smaller radius of curvature will compression mounts 56, 58 are fully compressed, body 
distort snubber 32 to a greater degree and allow more 40 50 reaches its maximum rotation within shell 90 and is 
degrees of dorsiflexion with the same force. Thus, the prevented by shell 90 from rotating further. During 
same effect can be achieved by providing either a softer normal use, a maximum rotation of approximately 10 
snubber or a smaller radius of curvature for contact degrees will occur before body 50 contacts shell 90. 
surface 27. Because front contact surface 27 is curved, snubber 32 

The height of instep 24 can also affect the dorsal 45 can tilt from side to side with shell 90 without interfer- 

flexibility of the prosthetic foot. Because the flexibility ing with inversion or eversion of the joint, 

of an object depends on its cross-section in the direction The force required to rotate any given joint depends 

of flexure, raising the height of instep 24 produces a on both the construction and configuration of compres- 

stiffer foot Likewise, a more flexible foot can be pro- sion mounts 56, 58. The deeper the conical liners used 

duced by decreasing the height of instep 24. Because 50 with springs 75 or the concave faces 88 of annuli 79 are, 

foot 20 is made substantially of polypropylene in a pre- the more material of side portions 96 of shell 90 will 

ferred embodiment, it is capable of some flexure with- flow into the voids between faces 88 and the ends of 

out breaking. As stated above, the height of instep 24 shaft 54. Because shell 90 is constructed of a rigid, in- 

will approximately equal 10- 1 5 percent of the length of compressible material, whereas compression mounts 56, 

foot 20. 55 58 are compressible, decreasing the flexibility of mounts 

In contrast to instep 24, toe portion 26 of foot 20 has 56, 58 and increasing the amount of shell material sur- 

a small cross-sectional area, and therefore flexes rela- rounding shaft 54 has the effect of limiting the ability of 

tively easily. Hence, as the wearer's body mass moves shaft 54 to swivel about the y and z axes. If there is too 

forward over the foot and begins to straighten the an- much space between mounts 56, 58 and the ends of shaft 

kle, the energy stored in front snubber 32 is transferred 60 54, too much material of side portions 96 will enter that 

into flexure of toe portion 26. When the toe of prosthe- space and will excessively reduce the degree of motion 

sis 10 leaves the ground, moment is removed from the of which the joint is capable. Hence, the stiffness of 

joint and prosthesis 10 returns to its unflexed position as swivel joint 61 with respect to transverse rotation can 

the leg swings forward, as shown in FIG. 9. It is pre- be controlled through the design of mounts 56, 58. 

ferred that joint 30 store only a minimum amount en- 65 When prosthesis 10 is removed from the ground, the 

ergy, that amoimt being the amount necessary to return moment about the z axis is removed and the energy 

the prosthesis to its unflexed position. It is preferred that stored in mounts 56, 58 causes foot 20 lo re-align itself 

excess energy be dissipated within the resilient compo- with shell 90. 
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Left and right transverse rotation as shown in FIG, mold. The preformed lube remains a part of, and forms 

12 are accomplished in the same manner as transverse the inside diameter of, lower leg 140. 

rotation. That is, rotation of the ankle to either the left In a preferred embodiment, the preformed tube is 

or right about the z axis, as shown in FIG. 10, results in constructed of a bi-directional glass fiber impregnated 

a moment applied to shell 90. The moment is transmit- 5 with epoxy, such as G-10 glass cloth epoxy sheet G-10 

ted through side portions 96 to the ends of shaft 54. is manufactured by Westinghouse, Norplex, Spalding, 

Shaft 54 causes inner race 63 to swivel within outer race and other manufacturers of epoxy fiberglass, and is 

61 Compression mounts 56, 58 are again compressed widely available. G-10 has the necessary strength and 

between the ends of shaft 54 and bevel 65. The energy durabUity for the present application. Other Ughtweight 

stored in compression mounts 56, 58 can be used to 1° materials having similar physical properties may be 

return prosthesis 10 to an unflexed position when the substituted for the G-10 without departing from the 

moment is removed. Transverse rotation occurs when spint of the mvention. 

the wearer changes direction and, to a lesser degree. Referring now to FIG. 14, the upper end 142 of lower 

during the cycle of each step, as the wearer^s pelvis ^^g 140 is affixed to a male connector 160. In the pre- 

twists slightly from side to side. The ability of the pres- ^5 fened embodiment, the inside diameter 143 of the upper 

ent prosthesis to accommodate such transverse rotation ^nd of lower leg 140 is tapered, gradually mcreasmg 

and to yidd more easily to smaller degrees of rotation J^^^ approximately equals the outside diameter of 

enhances the comfort and stability of the prosthesis. 'I^^' ^"^V'^^' ^'^^^^[^^ ^^.^ "^rf "^^n^^^" V 

It wUl be understood that the prosthesis of the present ^P^^ ^T^"^^ L tl^'' 

invention is capable of rotation ^out two or more axes ^PP^oxmiately 4 degrees. Tlus topered portron fonns a 

simultaneously Within the mechanical limitations of ^^^^^ ^"^'^ ^ ^^^^ 

swivel joint 61, roUtion of the joint about any one axis ^^^^ ^ ^^^^^^ embodiment, comiector 

has no effect on ite rotaUon about the other two axes. /^^^ ? ^ ^^^^^ 

Anadvantageof the jomt of the present mven^^^^ ^3 ^^^^ ^^J'^^ ^^^^ ^ ^^^^^^ ^^^^ 

the fact that it closely snnu^ates the range of motion of portion 164 comprises a rounded, amiular shoul- 

an anatomical foot. Shaft 54 withm mner race 63 allows ^^/^^^ ^ ^ircumferentiaUy 

a grater degree of flexure about the x axis than is al- ^ ^^^^ ^^^^ ^^^^ therethrough. Bores 170 are 

lowed about either the y or z axes. This dissimilanty -^^^^^y threaded and sized to receive an equal num- 

corresponds to the range of moUon allowed by an ana- 3^ ^^^^^ j^^. Preferably, there are four bores 

tomical ankle. , , ^ . 170, spaced 90 degrees apart around shoulder 168. 

According to a second embodiment shown m FIG. l^^^^ p^^^^^ of connector 160 comprises a tube 

13, connector 40, T-nut 42. and bolt 44 may be elimi- ^74 having a tapered outside diameter 175. The degree 

nated and replaced with an integral prosthetic shm. In of taper equals the degree of taper of the inside diameter 

this embodiment, the lower leg and shell 90 are formed 35 j^^^ j^g j^ic tapered portion of connector 160 

from a single molded piece of fiber glass. The elumna- ^ conical annular shoulder 176. which corre- 

tion of the metal connection therebetween results in a spends to annular shoulder 144 of lower leg 140. Annu- 

desirable weight savings. The adjustability of the con- ^ shoulder 168 of connector 160 forms a fiat annular 

nection that is achieved by the connector 40 with its surface 177, which corresponds to flat annular shoulder 

four curved attachment faces 51 is lost, but the Integra- 40 145 ©flower leg 140. Hence, when lower portion 162 of 

tion of the lower leg with shell 90 can be customized to connector 160 is inserted into the upper end of lower leg 

duplicate the optimal relation of the lower leg to shell 140^ shoulder 176 seats on shoulder 144, and flat annular 

90 for each wearer. surface 177 seats on flat annular shoulder 145, thereby 

Referring still to FIG. 13, this alternate prosthetic centering and mounting connector 160 within lower leg 

foot comprises a foot 120, an ankle joint 130, a lower leg 45 140. in practice, cement is applied to the shoulder sur- 

140, and a connector 150. Foot 120 and ankle 130 are faces, so that connector 160 and lower leg 140 are per- 

virtually the same as foot 20 and ankle 30 described manently joined. 

above and shown in FIGS. 1-12. A shell 190 encloses xhe configuration of connector 160, i.e., having four 

ankle joint 130 in the manner of shell 90 discussed opposed set screws 172, allows it to receive and be 

above. Connector 150 may be either male or female, as 50 rigidly affixed to a standard four-sided male connector, 

is discussed in greater detail below. such as connector 40 shown in FIGS. 1 and 2. Such a 

In place of a connector 40 affixed to sheU 90 as above, connector would typically be used to attach a knee joint 

however, lower leg 140 is molded as a single piece that to the prosthetic lower leg. 

is integral with shell 190. Like shell 190, lower leg 140 As shown in FIG. 15, a female connector 180 may be 

comprises fiberglass impregnated with epoxy. 55 used in place of connector 160. Connector 180 com- 

Lower leg 140 comprises a hollow tube, thereby prises a female lower portion 182 that receives upper 

ensuring maTiTrmTn strength with minimum mass. end 142 of leg 140, a coaxial female upper portion 184, 

Lower leg 140 is preferably formed during the shell and a central bore 186 therethrough. Upper end 184 

molding steps described above. To form lower leg 140, includes a plurality of circumferentially spaced built-up 

a preformed tube 141 (shown in FIGS. 14-15) is posi- 60 shoulders 188, each having an internally threaded bore, 

tioned with one end adjacent to the wax cast described 191 therethrough. Bores 191 are sized to receive set 

above. The preformed tube is preferably wrapped with screws 192. 

one layer of 6 oz. unidirectional glass fiber and placed in The circumference of lower portion 182 includes a 
a mold. The fiberglass layers in shell 190 are modified to partial longitudinal gap 194. On either side of gap 194 is 
include layers that form and support the rigid joint 65 a bracket 196, extending perpendicular to the outside 
between lower leg 140 and shell 190, as well as lower wall of lower portion 182. Brackets 196 include oppos- 
leg 140 itself. When the lower leg and shell have been ing bores 198 (not shown) therethrough, so that when a 
impregnated with epoxy, they are removed from the tightening means, such as a bolt 200, is inserted through 
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bores 198 and tightened, gap 194 closes and lower por- said swivel means including a housing having a trans- 

tion 182 tightens around the upper end of leg 140. verse niain bore therethrough, an outer race fixed 

In operation, connector 180 is placed over the upper herein, and an inner race rotatably housed in said 

end 142 of lower leg 140, with lower leg 140 extending outer race, said inner race having a central bore 

into central bore 186. Bolt 200 is tightened, causing the 5 therethrough, said bore being sized to receive said 

lower portion 182 of connector 180 to tighten around shaft; 

lower leg 140. In this manner connector 180 is affixed to rotation limiting means comprising a pair of an- 
lower leg 140. The upper portion 184 of connector 180 "'J'}^ compression mounts; and 
is adapted to receive a standard four-sided male connec- „ ^""^^ mcludmg a pair of annular beveled seat- 
tor, and operates in substantiaUy the same manner with ^° 1"^ ^.^such face centered on said mam 
^ , ^, 1 • • * J ^ i^A bore, each of said compression mounts being seated 
respect to the knee joint as docs the upper portion 164 ' u r 

^'^ * -r/* J , , rr r q,j q jjg such face, 

of connector 160 described above. 2. The foot prosthesis according to claim 1 wherein 

The d^erence between annular shoulder 168 of con- foot comprises a molded copolymer, 

nector 160 and the four built-up poruons 188 of connec ^5 3^ x^e foot prosthesis according to claim 2 wherein 

torl80isamatterof.weightandeaseofmachinmg.One said copolymer comprises approximately 90 percent 

skilled in the art will understand that there are several polypropylene and approximately 10 percent polyethyl- 

ways of housing and supporting the set screws and that ene. 

the shinAnee connectors may be modified from the 4. The foot prosthesis according to claim 1 wherein 

configurations described above without departing from 20 said instep includes a longitudinal groove adjacent said 

the spirit of the invention. plantar surface. 

While a preferred embodiment of the invention has 5. The foot prosthesis according to claim 1 wherein 

been shown and described, modifications thereof can be said toe is substantially flat 

made by one skilled in the art without depaning from ^- The foot prosthesis according to claim 1 wherein 

the spirit of the invention. For example, the precise 25 said compression mounts comprise a tough, resilient 

shape of the components, the materials of which they material. 

are constructed, the degree of motion that is allowed in 7' ^^^^ prosthesis according to claim 1 wherein 

each direction, and other aspects ofthc invention can be ^"^^cc transmitting means comprises a jomt shell 

changed without departing from the spirit of the invcn- ^^^^^ ^aid shaft such that tilting of the shell causes 

^Jqjj 30 said shaft to swivel within said swivel means. 

What is claimed is- ^* prosthesis according to claim 7 wherein 

1 A ^ ^r.: said dorsal instep surface includes a forward planar 

1. A hgntweight foot prosthesis, comprising: . , *^ , , ^. , . . , ■ 

;«tr^»i fvT^t « u^^\ - *.^r ^^i^^A surface and a rear planar surface, further mcluding 

an integral foot having a heel, a toe, and a raised , j ^u- j ^ »• * • ■ • j 

. ^ . , f J second and third rotation limiting means positioned 

instep, said instep includmg a dorsal surface and a ,c ^ r. j. i r j -j 

, *^ - * 35 between said forward and rear planar surfaces and said 

planur surface; sheU. respectively, 

an ankle joint affixed to said foot and capable of mo- 9 -^he foot prosthesis according to claim 8 wherein 

Uon around each of three perpendicular axes; ^^^^^^ ^^^^^^ ^^^-^^ -^^^^^^ ^ ^,^3. 

means for limiting rotation of said ankle joint; and versely mounted forward snubber. 

means for connecting said ankle joint to a leg; 40 10. The foot prosthesis according to claim 9 wherein 

said ankle joint comprising a body, a swivel means said third rotation limiting means includes a vertically 

housed in said body, a shaft rotatably mounted in mounted rear snubber. 

said swivel means, and means for transmitting a n. The foot prosthesis according to claim 1 wherein 

force from the leg to said shaft, said rotation limit- said connection means comprises a lower leg prosthesis 

ing means being disposed between said shaft and 45 integral with said force transmitting means, 

said body; ♦ » • ♦ ♦ 
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